




9RQ GHU )DNXOWlW IU 0DVFKLQHQEDX (OHNWURWHFKQLN XQG :LUWVFKDIWVLQJHQLHXUZHVHQ
GHU %UDQGHQEXUJLVFKHQ 7HFKQLVFKHQ 8QLYHUVLWlW &RWWEXV
]XU (UODQJXQJ GHV DNDGHPLVFKHQ *UDGHV
HLQHV ’RNWRU,QJHQLHXUV JHQHKPLJWH ’LVVHUWDWLRQ
YRUJHOHJW YRQ
’LSORP,QJHQLHXU 0LFKDHO *ORUD
JHERUHQ DP  $SULO  LQ 1UQEHUJ
9RUVLW]HQGHU 3URI ’U,QJ * /DSSXV
*XWDFKWHU 3URI ’U,QJ KDELO ’ %HVWOH
*XWDFKWHU 3URI ’U,QJ $ .KKRUQ
7DJ GHU PQGOLFKHQ 3UIXQJ  -XOL 

9RUZRUW
’LH YRUOLHJHQGH $UEHLW NRQQWH LFK ZKUHQG PHLQHU 7WLJNHLW DOV ZLVVHQVFKDIWOLFKHU 0LW
DUEHLWHU DP /HKUVWXKO IÚU 0DVFKLQHQG\QDPLN GHU %UDQGHQEXUJLVFKHQ 7HFKQLVFKHQ
8QLYHUVLWW &RWWEXV DQIHUWLJHQ 0HLQ EHVRQGHUHU ’DQN JHEÚKUW GHVKDOE GHP /HLWHU
GHV /HKUVWXKOV +HUUQ 3URI ’U,QJ KDELO ’ %HVWOH IÚU GLH %HWUHXXQJ GHU $UEHLW XQG
GLH NULWLVFKHQ $QPHUNXQJHQ ZHUWYROOHQ $QUHJXQJHQ XQG DXVIÚKUOLFKHQ ’LVNXVVLRQHQ
VRZLH GLH ÛEHUQDKPH GHV +DXSWEHULFKWV
’DQNHQ P—FKWH LFK DXFK GHQ YLHOHQ 0LWDUEHLWHUQ XQG 6WXGHQWHQ GHU )DNXOWW IÚU 0D
VFKLQHQEDX (OHNWURWHFKQLN XQG :LUWVFKDIWVLQJHQLHXUZHVHQ GLH PLFK LQ HLQHP JXWHQ
$UEHLWVNOLPD EHL PHLQHU $UEHLW XQWHUVWÚW]W KDEHQ $XI GLH JXWH =XVDPPHQDUEHLW PLW
+HUUQ / $QNODP GHU EHL GHU /—VXQJ NQLIIHOLJHU 5HFKQHU XQG 0HVVWHFKQLNSUREOHPH
LPPHU ZHLWHUKHOIHQ NRQQWH ZDU VWHWV 9HUODVV ’HQ /HLWHUQ GHU :HUNVWDWW +HUUQ
: ’LHW] XQG +HUUQ 0 3LHWUXVFKLQVNL GDQNH LFK IÚU GLH 8QWHUVWÚW]XQJ EHLP $XIEDX
XQG %HWULHE GHV 3UÚIVWDQGV GHU RKQH GLH NXU]IULVWLJH $QIHUWLJXQJ ZLFKWLJHU %DXWHLOH
QLFKW VR UHLEXQJVORV P—JOLFK JHZHVHQ ZUH ’LH 6WXGHQWHQ = =KRQJ + .LUVFK XQG
0 .QLHEHO KDEHQ PLW LKUHQ $UEHLWHQ XQG LKUHP (QJDJHPHQW YHUVFKLHGHQH (UJHE
QLVVH ]X GLHVHU $UEHLW EHLJHWUDJHQ ’HV :HLWHUHQ JLOW PHLQ ’DQN +HUUQ 3URI ’U,QJ
+ 0DLHU XQG +HUUQ . .UHXVFK YRP /HKUVWXKO $XWRPDWLVLHUXQJVWHFKQLN IÚU GLH HIIHN
WLYH =XVDPPHQDUEHLW DXI GHP *HELHW GHU 6LPXODWLRQ YRQ :HUN]HXJPDVFKLQHQ
$EVFKOLH|HQG P—FKWH LFK PLFK DXFK EHL +HUUQ 3URI ’U,QJ $ .ÚKKRUQ IÚU GLH ÛEHU
QDKPH GHV =ZHLWJXWDFKWHQV EHGDQNHQ
&RWWEXV LP -XQL  0LFKDHO *ORUD

,QKDOWVYHU]HLFKQLV
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 $QDO\VH PHFKDQLVFKHU 6\VWHPH                                     
 0RGHOOLHUXQJ YRQ )LQLWH (OHPHQWH 6\VWHPHQ                        
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M 9HNWRU GHU (LJHQZHUWH
M N /DJUDQJH 0XOWLSOLNDWRUHQ
O ,WHUDWLRQVLQGH[






. ’LDJRQDOPDWUL[ GHU (LJHQZHUWH
 (LQIÚKUXQJ
8P WURW] GHV .RQNXUUHQ]NDPSIHV DXI GHP JOREDOHQ 0DUNW EHVWHKHQ ]X N—QQHQ UHLFKW
HLQ JXWHV 3URGXNW PHLVW QLFKW DXV HLQ $QIDQJVHQWZXUI PXVV ZHLWHUHQWZLFNHOW XQG RS
WLPLHUW ZHUGHQ XP GHQ $QVSUÚFKHQ GHV .XIHUV ]X JHQÚJHQ ’LHVH :HLWHUHQWZLFN
OXQJ HUIROJWH ELVKHU LP :HVHQWOLFKHQ GXUFK DXI (UIDKUXQJ XQG ,QWXLWLRQ EHUXKHQGHP
$XVSURELHUHQ ]XP HLQHQ 7HLO DXI GHU %DVLV YRQ %HUHFKQXQJHQ DQ 0RGHOOHQ ]XP DQ
GHUHQ 7HLO DQ 3URWRW\SHQ ’XUFK GLH ]XQHKPHQGH 9HUEUHLWXQJ GXUFKJQJLJ UHFKQHU
JHVWÚW]WHU (QWZXUIVSUR]HVVH DXI GHU %DVLV YRQ &$; 0HWKRGHQ YRUDQJHWULHEHQ GXUFK
GLH LPPHU SUHLVZHUWHU YHUIÚJEDUH 5HFKHQWHFKQLN XQG TXDOLIL]LHUWHV 3HUVRQDO LVW HLQH
ZLFKWLJH 9RUDXVVHW]XQJ IÚU GHQ (LQVDW] YRUKDQGHQHU 2SWLPLHUXQJVDOJRULWKPHQ JHJH
EHQ 0LW GHU )HVWOHJXQJ YRQ (QWZXUIVSDUDPHWHUQ GHV 6\VWHPV XQG GHU ’HILQLWLRQ YRQ
*ÚWHNULWHULHQ GLH HLQHQ REMHNWLYHQ 9HUJOHLFK YHUVFKLHGHQHU (QWZÚUIH HUP—JOLFKHQ
NDQQ GLH (UPLWWOXQJ RSWLPDOHU 6\VWHPSDUDPHWHU V\VWHPDWLVLHUW XQG DXI GHQ 5HFKQHU
ÚEHUWUDJHQ ZHUGHQ 0HLVW NDQQ MHGRFK GHU VR JHIXQGHQH (QWZXUI QLFKW RKQH HLQH
)HLQDEVWLPPXQJ LQ GLH 3UD[LV XPJHVHW]W ZHUGHQ ZHLO ] % GDV GHU 2SWLPLHUXQJ ]X
*UXQGH OLHJHQGH %HUHFKQXQJVPRGHOO DXI *UXQG YRQ ,GHDOLVLHUXQJHQ XQG 9HUHLQIDFK
XQJHQ GDV G\QDPLVFKH 9HUKDOWHQ GHV UHDOHQ 6\VWHPV QLFKW H[DNW ZLGHUVSLHJHOW ,Q
GLHVHQ )OOHQ VWHKW DOVR WURW] GHV (LQVDW]HV PRGHUQVWHU %HUHFKQXQJVPHWKRGHQ DP
(QGH GHV (QWZLFNOXQJVSUR]HVVHV HLQH DXIZHQGLJH 6XFKH QDFK RSWLPDOHQ /—VXQJHQ
GXUFK +HUXPSURELHUHQ DQ 3URWRW\SHQ 8P GLHVHQ OHW]WHQ 6FKULWW ]X V\VWHPDWLVLHUHQ
IHKOHQ 2SWLPLHUXQJVYHUIDKUHQ ZHOFKH GLH 6XFKH QDFK RSWLPDOHQ 6\VWHPSDUDPHWHUQ
DXI %DVLV YRQ 0HVVXQJHQ HUODXEHQ
 6WDQG GHU 7HFKQLN GHU UHFKQHUJHVWÚW]WHQ 3DUDPHWHURSWLPLHUXQJ
’LH HUVWHQ JUR|HQ $QZHQGXQJVJHELHWH GHU 3DUDPHWHURSWLPLHUXQJ OLHJHQ LP 2SHUD
WLRQV 5HVHDUFK 0LW +LOIH GHU HUVWHQ YHUIÚJEDUHQ &RPSXWHU ZXUGHQ ]XQFKVW OLQHDUH
2SWLPLHUXQJVSUREOHPH JHO—VW EHYRU GXUFK LPPHU OHLVWXQJVIKLJHUH 5HFKHQWHFKQLN
GLH 9RUDXVVHW]XQJ IÚU GLH (QWZLFNOXQJ XQG GHQ (LQVDW] YRQ $OJRULWKPHQ IÚU DOOJHPHLQ
QLFKWOLQHDUH *ÚWHIXQNWLRQHQ JHJHEHQ ZDU
+HXWH H[LVWLHUW HLQH 9LHO]DKO XQWHUVFKLHGOLFKHU 2SWLPLHUXQJVDOJRULWKPHQ GLH VLFK IÚU
GHQ $QZHQGHU LP :HVHQWOLFKHQ GXUFK (LQVFKUQNXQJHQ EHL GHU ’HILQLWLRQ YRQ *ÚWH
IXQNWLRQHQ XQG EHQ—WLJWHQ ,QIRUPDWLRQHQ ÚEHU *ÚWHIXQNWLRQ XQG 3DUDPHWHUHPSILQG
  (LQIÚKUXQJ
OLFKNHLW XQWHUVFKHLGHQ 2UGQXQJ XQG 6WUXNWXU HLQHV 0RGHOOV DXI GHP PDQFKH 2SWL
PLHUXQJVDOJRULWKPHQ DXIEDXHQ EOHLEHQ GHP $QZHQGHU PHLVW YHUERUJHQ VLQG MH
GRFK WHLOZHLVH IÚU GLH .RQYHUJHQ] GHU 9HUIDKUHQ HQWVFKHLGHQG =XU LWHUDWLYHQ /—VXQJ
GHU EHUHLWV HUZKQWHQ 2SWLPLHUXQJVDXIJDEHQ PLW OLQHDUHU *ÚWHIXQNWLRQ XQG HEHQIDOOV
OLQHDUHQ 1HEHQEHGLQJXQJHQ GLHQW GDV 6LPSOH[9HUIDKUHQ DOV HLQHU GHU HUVWHQ 2SWL
PLHUXQJVDOJRULWKPHQ 6&+:$5= >@ ’LH /—VXQJ GHV OLQHDUHQ $XVJOHLFKVSUREOHPV LP
6LQQH GHU NOHLQVWHQ )HKOHUTXDGUDWH LVW PLW +LOIH YRQ 2UWKRJRQDOWUDQVIRUPDWLRQHQ ZLH
GHU +RXVHKROGHU7UDQVIRUPDWLRQ P—JOLFK )ÚU GLH (UZHLWHUXQJ DXI QLFKWOLQHDUH NOHLQ
VWH )HKOHUTXDGUDWH HLJQHQ VLFK GDV /HYHQEHUJ0DUTXDUW VRZLH GDV *DX|1HZWRQ
9HUIDKUHQ ZHOFKH VSH]LHOOH (LJHQVFKDIWHQ GHU *ÚWHIXQNWLRQ DXVQXW]HQ 672(5 >@
$OOJHPHLQ QLFKWOLQHDUH 2SWLPLHUXQJVDXIJDEHQ RKQH 1HEHQEHGLQJXQJHQ N—QQHQ PLW
GHP *UDGLHQWHQYHUIDKUHQ .RQMXJLHUWH *UDGLHQWHQYHUIDKUHQ GHP 1HZWRQ9HUIDKUHQ
RGHU GHP 4XDVL1HZWRQ9HUIDKUHQ JHO—VW ZHUGHQ GLH DXI XQWHUVFKLHGOLFKHQ 0RGHO
OHQ EHUXKHQ 0ÚVVHQ EHL GHU 2SWLPLHUXQJ ]XVW]OLFK QLFKWOLQHDUH 1HEHQEHGLQJXQJHQ
EHUÚFNVLFKWLJW ZHUGHQ ELHWHW GLH 9HUZHQGXQJ GHV /DJUDQJH1HZWRQ9HUIDKUHQV GLH
EHVWHQ 9RUDXVVHW]XQJHQ EH]ÚJOLFK (IIL]LHQ] XQG .RQYHUJHQ]YHUKDOWHQ
6&+,77.2:6., >@ ’LH 6LPSOH[0HWKRGH YRQ 1(/'(5 81' 0($' >@ KDW ’DQN LKUHU
HLQIDFKHQ $QZHQGEDUNHLW XQG 3URJUDPPLHUEDUNHLW HLQHQ JUR|HQ 9HUEUHLWXQJVJUDG
HUUHLFKW HUODXEW LQ LKUHP RULJLQDOHP $XIEDX DEHU NHLQH 1HEHQEHGLQJXQJHQ 2KQH
0RGHOOYRUVWHOOXQJ DUEHLWHQ 9HUIDKUHQ ZLH 7DEX 6HDUFK *HQHWLVFKH $OJRULWKPHQ XQG
6LPXODWHG $QQHDOLQJ 3+$0 81' .$5$%2*$ >@
’LH LQ YHUVFKLHGHQVWHQ $QZHQGXQJVEHUHLFKHQ JHVDPPHOWH (UIDKUXQJ PLW GHU UHFK
QHUJHVWÚW]WHQ 2SWLPLHUXQJ ]HLJW GDVV NHLQ IÚU DOOH $XIJDEHQVWHOOXQJHQ EHVWHQV JH
HLJQHWHV 2SWLPLHUXQJVYHUIDKUHQ H[LVWLHUW ’HVKDOE ZXUGHQ GLH REHQ DXIJH]KOWHQ 9HU
IDKUHQ LQ YLHOHQ (LQVDW]JHELHWHQ DXI VSH]LHOOH 3UREOHPVWHOOXQJHQ DQJHSDVVW RGHU HU
ZHLWHUW
,Q GHU )LQLWH (OHPHQWH 5HFKQXQJ LVW HLQH VFKQHOOH .RQYHUJHQ] GHU HLQJHVHW]WHQ 2SWL
PLHUXQJVYHUIDKUHQ DXI *UXQG ODQJHU 5HFKHQ]HLWHQ GLH DXV JUR|HQ 0RGHOOHQ UHVXOWLH
UHQ VHKU ZLFKWLJ ,P %HUHLFK VWDWLVFKHU 2SWLPLHUXQJVSUREOHPH KDW VLFK GLH 0HWKRGH
GHU PRGLIL]LHUWHQ $V\PSWRWHQ YRQ 69$1%(5* >@ EHZKUW GLH DXI HLQHP +\SHUEHODQ
VDW] IÚU *ÚWHIXQNWLRQ XQG 1HEHQEHGLQJXQJHQ EHUXKW XQG GDPLW EHLVSLHOVZHLVH 6SDQ
QXQJHQ LQ $EKQJLJNHLW YRQ %DXWHLOJHRPHWULHQ VHKU JXW DSSUR[LPLHUW ’LH 4XHU
VFKQLWWV2SWLPLHUXQJ YRQ )DFKZHUNHQ IÚKUW DXI QLFKW GLIIHUHQ]LHUEDUH )XQNWLRQHQ GHU
1DFKJLHELJNHLW IÚU GLH VSH]LHOOH 9HUIDKUHQ GHU 1RQ6PRRWK 2SWLPL]DWLRQ HQWZLFNHOW
ZXUGHQ $&+7=,*(5 >@ 8P GLH 9RUWHLOH YRQ *UDGLHQWHQYHUIDKUHQ ]X QXW]HQ ZXUGHQ
0HWKRGHQ ]XU VHPLDQDO\WLVFKHQ (PSILQGOLFKNHLWVDQDO\VH JHIXQGHQ GLH HLQH H[DN
WHUH XQG ZHQLJHU DXIZHQGLJH *UDGLHQWHQEHVWLPPXQJ HUP—JOLFKHQ DOV GLH VRQVW ÚEOL
FKHUZHLVH YHUZHQGHWHQ )LQLWHQ ’LIIHUHQ]HQ 9HUIDKUHQ 2/+2)) 81' /81' >@
 (LQIÚKUXQJ
(EHQIDOOV ]XP 3UREOHPNUHLV GHU 6WUXNWXUG\QDPLN JHK—UW GLH ([SHULPHQWHOOH 0RGDO
DQDO\VH EHL GHU HLQ 0RGHOO HLQHU VFKZLQJXQJVIKLJHQ 6WUXNWXU DXI GHU %DVLV YRQ 0HV
VXQJHQ HUVWHOOW ZLUG ’DV 3UREOHP GHU ,GHQWLILNDWLRQ HLQHU JUR|HQ $Q]DKO 0RGHOOSDUD
PHWHU DXI %DVLV YRQ /HDVW6TXDUH9HUJOHLFKHQ ]ZLVFKHQ 0RGHOO XQG 0HVVXQJ ZLUG
VRZRKO PLW OLQHDUHQ DOV DXFK QLFKWOLQHDUHQ 2SWLPLHUXQJVYHUIDKUHQ JHO—VW %$/0ü6 >@
,Q GHU 5HJHOXQJVWHFKQLN ZHUGHQ EHL GHU (UPLWWOXQJ RSWLPDOHU 5HJOHUSDUDPHWHU PLW
GHP 5LFFDWL9HUIDKUHQ LQWHJUDOH .ULWHULHQ DQJHZDQGW GHUHQ ,QWHJUDQG HLQH TXDGUDWL
VFKH )XQNWLRQ GHU 6WHXHU XQG =XVWDQGVJU—|HQ LVW 9RUDXVVHW]XQJ LVW GDEHL GLH /LQHD
ULWW GHU V\VWHPEHVFKUHLEHQGHQ ’LIIHUHQWLDOJOHLFKXQJHQ
’LH $QZHQGXQJ YRQ 2SWLPLHUXQJVYHUIDKUHQ LVW DXI GHP *HELHW GHU 0HKUN—USHUV\V
WHPH QRFK ZHQLJHU YHUEUHLWHW DOV LQ GHU 6WUXNWXUPHFKDQLN REZRKO HLQLJH 9HU—IIHQWOL
FKXQJHQ GHU OHW]WHQ -DKUH ZLFKWLJH %HLWUJH JHOLHIHUW KDEHQ %HL %(67/( >@ ILQGHW PDQ
PLW GHU $GMXQJLHUWH 9DULDEOHQ 0HWKRGH HLQ VHPLDQDO\WLVFKHV .RQ]HSW ]XU (PSILQG
OLFKNHLWVDQDO\VH EHL UHODWLY DOOJHPHLQ JHKDOWHQHQ LQWHJUDOHQ .ULWHULHQ ’HU 3UREOHPDWLN
YHUUDXVFKWHU *ÚWHIXQNWLRQHQ GXUFK 8QJHQDXLJNHLWHQ EHL GHU QXPHULVFKHQ ,QWHJUDWLRQ
GHU %HZHJXQJVJOHLFKXQJHQ ZLUG YRQ (70$1 >@ PLW $SSUR[LPDWLRQVNRQ]HSWHQ YRQ
:,00(5 >@ PLW 0HWKRGHQ GHU 9HUVXFKVSODQXQJ XQG YRQ &+2, 81' .(//(< >@ PLW
DQJHSDVVWHQ )LQLWHQ ’LIIHUHQ]HQ EHJHJQHW ’HU *HGDQNH GHU 2SWLPLHUXQJ DXI GHU
%DVLV YRQ ([SHULPHQWHQ LVW SULQ]LSLHOO QHX IÚKUW DEHU EHL $QZHQGXQJ NRQYHQWLRQHOOHU
2SWLPLHUXQJVDOJRULWKPHQ ]X .RQYHUJHQ]SUREOHPHQ GLH ELVKHU QLFKW ]XIULHGHQ VWHO
OHQG JHO—VW ZHUGHQ NRQQWHQ *,/025( (7 $/ >@
:KUHQG YLHOH 9HU—IIHQWOLFKXQJHQ GLH 1RWZHQGLJNHLW GHU 0HKUNULWHULHQRSWLPLHUXQJ HU
NDQQW XQG 9HUIDKUHQ ]XU 5HGXNWLRQ GHV 9HNWRUSUREOHPV DXI VNDODUH 2SWLPLHUXQJVSUR
EOHPH EHUHLWJHVWHOOW KDEHQ 67$'/(5 >@ XQG (6&+(1$8(5 >@ VLQG GLHVH LQ GHU 3UD
[LV NDXP YHUEUHLWHW 2IWPDOV KDW GHU $QZHQGHU VFKRQ EHL GHU PDWKHPDWLVFKHQ )RUPX
OLHUXQJ VNDODUHU .ULWHULHQ 3UREOHPH ZHLO +LOIHQ XQG $XVZDKOP—JOLFKNHLWHQ IHKOHQ
 =LHO XQG ,QKDOW GHU $UEHLW
=LHO GHU $UEHLW LVW GLH (QWZLFNOXQJ HLQHU 2SWLPLHUXQJVXPJHEXQJ IÚU G\QDPLVFKH 6\V
WHPH GLH VRZRKO .ULWHULHQ DXV 6LPXODWLRQHQ XQG %HUHFKQXQJHQ DOV DXFK .ULWHULHQ DXV
0HVVXQJHQ DQ ([SHULPHQWHQ YHUDUEHLWHQ NDQQ 8P GHQ $QZHQGHU EHL GHU ’HILQLWLRQ
GHU .ULWHULHQ QLFKW HLQ]XVFKUQNHQ VROOHQ GLH HLQJHVHW]WHQ 2SWLPLHUXQJVYHUIDKUHQ
QLFKW DXI VSH]LHOOH 0RGHOOH RGHU %HUHFKQXQJVPHWKRGHQ EHJUHQ]W VHLQ VRQGHUQ DOOJH
PHLQ QLFKWOLQHDUH .ULWHULHQ ]XODVVHQ ’D HLQ HLQ]HOQHV .ULWHULXP YLHOHQ $XIJDEHQVWHO
OXQJHQ QLFKW JHUHFKW ZLUG PÚVVHQ DXFK XQWHUVFKLHGOLFKH 9HNWRURSWLPLHUXQJVNRQ
]HSWH HLQIOLH|HQ GLH LQ HLQHU 0HKUNULWHULHQ0HKUPRGHOO6WUXNWXU PHKUHUH .ULWHULHQ DXI
%DVLV YHUVFKLHGHQHU 0RGHOOH DXVZHUWHQ
  (LQIÚKUXQJ
,P ]ZHLWHQ .DSLWHO ZHUGHQ PLW GHU 0RGHOOELOGXQJ YRQ )LQLWH (OHPHQWH 6\VWHPHQ XQG
0HKUN—USHUV\VWHPHQ ]XQFKVW GLH *UXQGODJHQ GHU UHFKQHUJHVWÚW]WHQ 6\VWHPDQD
O\VH JHVFKDIIHQ ’LH HQWVSUHFKHQGHQ %HZHJXQJVJOHLFKXQJHQ ODVVHQ VLFK LP =HLW
XQG )UHTXHQ]EHUHLFK DXVZHUWHQ
)ÚU GLH 2SWLPLHUXQJ PÚVVHQ *ÚWHNULWHULHQ IHVWJHOHJW ZHUGHQ GLH GDV G\QDPLVFKH
9HUKDOWHQ GHV 6\VWHPV REMHNWLY EHZHUWHQ %HLVSLHOH VROFKHU *ÚWHIXQNWLRQHQ DXV XQ
WHUVFKLHGOLFKHQ %HUHLFKHQ ILQGHQ VLFK LQ .DSLWHO  ZR DXFK DXI 6FKZLHULJNHLWHQ EHL
GHU PDWKHPDWLVFKHQ )RUPXOLHUXQJ HLQLJHU .ULWHULHQ HLQJHJDQJHQ ZLUG 8P GLH 3UR
EOHPDWLN XQG P—JOLFKH .RQIOLNWH EHL GHU .RSSOXQJ YRQ 2SWLPLHUXQJVDOJRULWKPXV XQG
DXI 0HVVXQJHQ EHUXKHQGHQ .ULWHULHQZHUWHQ ]X HUNHQQHQ ZHUGHQ YHUVFKLHGHQH VND
ODUH 2SWLPLHUXQJVDOJRULWKPHQ VRZLH HLQLJH 7HFKQLNHQ ]XU 9HNWRUNULWHULHQRSWLPLHUXQJ
EHVFKULHEHQ
9RU GHU (QWZLFNOXQJ HLQHU 6RIWZDUHXPJHEXQJ VLQG ]XQFKVW GLH ZHVHQWOLFKHQ $QIRU
GHUXQJHQ DQ GDV 3URJUDPP ]X GHILQLHUHQ $XV GHU )RUGHUXQJ QDFK HIIL]LHQWHQ 2SWL
PLHUXQJVDOJRULWKPHQ HUJLEW VLFK GLH 1RWZHQGLJNHLW YRQ 9HUIDKUHQ ]XU (PSILQGOLFK
NHLWVDQDO\VH GLH LP YLHUWHQ .DSLWHO ]XVDPPHQJHVWHOOW VLQG $XI %DVLV EHNDQQWHU 9HU
IDKUHQ ZLUG HLQ $SSUR[LPDWLRQVNRQ]HSW ZHLWHUHQWZLFNHOW GDV VSH]LHOO DXI GLH EHL 0HV
VXQJHQ DXIWUHWHQGHQ *UDGLHQWHQXQVLFKHUKHLWHQ DEJHVWLPPW LVW
,P IÚQIWHQ .DSLWHO ZLUG GLH HQWZLFNHOWH 6RIWZDUHXPJHEXQJ DXI 7HVWSUREOHPH GHV 9LU
WXDO 3URWRW\SLQJ DQJHZDQGW XQG GLH LPSOHPHQWLHUWHQ VNDODUHQ 2SWLPLHUXQJVYHUIDKUHQ
EH]ÚJOLFK LKUHU (IIL]LHQ] YHUJOLFKHQ (LQ ZHLWHUHV %HLVSLHO PDFKW GLH 6FKZLHULJNHLWHQ
EHL GHU ULFKWLJHQ :DKO GHU 0HKUNULWHULHQRSWLPLHUXQJVVWUDWHJLH GHXWOLFK
9RUDXVVHW]XQJ IÚU GLH 2SWLPLHUXQJ PHFKDQLVFKHU 6\VWHPH DXI %DVLV YRQ 6LPXODWLR
QHQ LVW HLQ 0RGHOO ZHOFKHV GDV G\QDPLVFKH 9HUKDOWHQ GHV UHDOHQ 6\VWHPV VHKU JH
QDX ZLGHUVSLHJHOW )DOOV VLFK QLFKW DOOH 3DUDPHWHU GHV 0RGHOOV GLUHNW EHVWLPPHQ ODV
VHQ N—QQHQ XQVLFKHUH RGHU XQEHNDQQWH *U—|HQ GXUFK HLQHQ 9HUJOHLFK YRQ 0HVVXQJ
XQG 6LPXODWLRQ HUPLWWHOW ZHUGHQ %HL GLHVHQ ,GHQWLILNDWLRQVYHUIDKUHQ LVW HLQ VHTXHQWLHO
OHV 9RUJHKHQ VLQQYROO EHL GHP HLQ]HOQH 3DUDPHWHU DQ +DQG XQWHUVFKLHGOLFKHU *ÚWH
IXQNWLRQHQ PLW ]XP 7HLO XQWHUVFKLHGOLFKHQ 0RGHOOHQ RSWLPLHUW ZHUGHQ
,Q .DSLWHO  ZLUG HLQ $XIEDX ]XU ’XUFKIÚKUXQJ DXWRPDWLVLHUWHU ([SHULPHQWJHNRSSHO
WHU 2SWLPLHUXQJVYHUIDKUHQ EHVFKULHEHQ (U ELOGHW GLH *UXQGODJH VRZRKO IÚU GLH RSWL
PDOH $XVOHJXQJ YRQ 5HJOHUSDUDPHWHUQ HLQHV PHFKDWURQLVFKHQ 6\VWHPV DOV DXFK IÚU
GLH 2SWLPLHUXQJ GHU 3DUDPHWHU HLQHV DNWLYHQ 6\VWHPV GDV HLQH SDVVLYH )HGHU’PS
IHU.RPELQDWLRQ HPXOLHUW
$EVFKOLH|HQG HUIROJW HLQH =XVDPPHQIDVVXQJ GHU HLQJHVHW]WHQ 9HUIDKUHQ XQG 0HWKR
GHQ VRZLH HLQH %HZHUWXQJ GHU (UJHEQLVVH
 $QDO\VH PHFKDQLVFKHU 6\VWHPH
9RUDXVVHW]XQJ IÚU GLH ’HILQLWLRQ JHHLJQHWHU *ÚWHNULWHULHQ ]XU %HXUWHLOXQJ G\QDPL
VFKHU 6\VWHPH DXI %DVLV YRQ 6LPXODWLRQVPRGHOOHQ LVW GLH %HVFKUHLEXQJ GHV %HZH
JXQJVYHUKDOWHQV GXUFK %HZHJXQJVJOHLFKXQJHQ +HXWLJH 9HUIDKUHQ ]XU UHFKQHUJH
VWÚW]WHQ 8QWHUVXFKXQJ PHFKDQLVFKHU 6\VWHPH EHUXKHQ DXI XQWHUVFKLHGOLFKHQ $QVW
]HQ XQG 0RGHOOHQ ,Q GHU 7HFKQLVFKHQ 0HFKDQLN XQWHUVFKHLGHW PDQ LP :HVHQWOLFKHQ
 .RQWLQXLHUOLFKH 6\VWHPH
 )LQLWH (OHPHQWH 6\VWHPH XQG
 0HKUN—USHUV\VWHPH
’LH :DKO GHV 0RGHOOV KQJW SULPU YRQ GHU 6WUXNWXU GHV ]X XQWHUVXFKHQGHQ 6\VWHPV
DEHU DXFK YRQ GHU ]X *UXQGH OLHJHQGHQ )UDJHVWHOOXQJ DE ’DEHL LVW HLQH VWUHQJH 7UHQ
QXQJ ]ZLVFKHQ RELJHQ 0RGHOOHQ QLFKW LPPHU VLQQYROO LQ YLHOHQ )OOHQ NRPPHQ K\
EULGH 0RGHOOH G K .RPELQDWLRQHQ YHUVFKLHGHQHU 0RGHOOW\SHQ ]XP (LQVDW] %5(0(5
81' 3)(,))(5 >@
.RQWLQXLHUOLFKH 6\VWHPH EHVFKUHLEHQ PDVVHEHKDIWHWH YHUIRUPEDUH .—USHU DXI GHUHQ
9ROXPHQ XQGRGHU 2EHUIOFKH VWHWLJ YHUWHLOWH .UIWH RGHU 6SDQQXQJHQ ZLUNHQ $XV
GHQ ORNDOHQ %HZHJXQJVJOHLFKXQJHQ LQILQLWHVLPDOHU 9ROXPHQHOHPHQWH ODVVHQ VLFK PLW
+LOIH GHV 3ULQ]LSV GHU YLUWXHOOHQ $UEHLW GLH 5HDNWLRQVVSDQQXQJHQ HOLPLQLHUHQ XQG PDQ
HUKOW XQWHU %HUÚFNVLFKWLJXQJ GHU 5DQGEHGLQJXQJHQ JOREDOH SDUWLHOOH ’LIIHUHQWLDOJOHL
FKXQJHQ IÚU GHQ EHWUDFKWHWHQ .—USHU ’HU 9RUWHLO GHU ([DNWKHLW GLHVHV $QVDW]HV LP
6LQQH GHU .RQWLQXXPVPHFKDQLN LVW PLW HLQHU (LQVFKUQNXQJ GHU DQDO\WLVFKHQ /—VEDU
NHLW DXI HLQIDFKH *HRPHWULHQ YHUEXQGHQ )ÚU HLQH QXPHULVFKH /—VXQJ GHU SDUWLHOOHQ
’LIIHUHQWLDOJOHLFKXQJ LVW HLQH PDWKHPDWLVFKH ’LVNUHWLVLHUXQJ HUIRUGHUOLFK VR GDVV LP
$OOJHPHLQHQ QXU 1KHUXQJVO—VXQJHQ JHIXQGHQ ZHUGHQ N—QQHQ
(EHQVR ZLH NRQWLQXLHUOLFKH 6\VWHPH VLQG DXFK )LQLWH (OHPHQWH 6\VWHPH DXV PDVVH
EHKDIWHWHQ YHUIRUPEDUHQ .—USHUQ DXIJHEDXW (LQ]HONUIWH XQG PRPHQWH ZLUNHQ KLHU
DXI GLVNUHWH .QRWHQSXQNWH ]XVW]OLFK N—QQHQ HLQJHSUJWH 9ROXPHQNUIWH EHUÚFNVLFK
WLJW ZHUGHQ 8QWHU GLHVHQ $QQDKPHQ ODVVHQ VLFK ]XQFKVW GLH ORNDOHQ %HZHJXQJV
JOHLFKXQJHQ HLQHV HLQ]HOQHQ )LQLWHQ (OHPHQWV DXIVWHOOHQ ’LH %HZHJXQJVJOHLFKXQJ
GHV *HVDPWV\VWHPV HUKOW PDQ DQVFKOLH|HQG GXUFK =XVDPPHQIÚJHQ DOOHU (OHPHQWH
]X HLQHP )LQLWH (OHPHQWH 6\VWHP $XI *UXQG GHU $SSUR[LPDWLRQ GHU UHDOHQ 9HUVFKLH
  $QDO\VH PHFKDQLVFKHU 6\VWHPH
EXQJHQ GXUFK $QVDW]IXQNWLRQHQ GHV )LQLWHQ (OHPHQWV VWHOOW GDV 9HUIDKUHQ HLQH 1KH
UXQJVO—VXQJ GDU
,P *HJHQVDW] ]X 6\VWHPHQ PLW YHUWHLOWHQ 3DUDPHWHUQ ]X GHQHQ NRQWLQXLHUOLFKH XQG
)LQLWH (OHPHQWH 6\VWHPH ]KOHQ KDQGHOW HV VLFK EHL 0HKUN—USHUPRGHOOHQ XP 6\V
WHPH PLW NRQ]HQWULHUWHQ 3DUDPHWHUQ (LJHQVFKDIWHQ ZLH 7UJKHLW (ODVWL]LWW RGHU 9LV
NRVLWW ZHUGHQ GLVNUHWHQ (OHPHQWHQ ]XJHRUGQHW VR GDVV VLFK GLH 0RGHOOH DXV VWDUUHQ
.—USHUQ XQG PDVVHORVHQ .RSSHOHOHPHQWHQ ZLH )HGHUQ XQG ’PSIHUQ ]XVDPPHQVHW
]HQ ’XUFK JHHLJQHWHV 9HUNQÚSIHQ GHU 1HZWRQ(XOHU
VFKHQ *OHLFKXQJHQ GHU HLQ]HO
QHQ 7HLON—USHU HUKOW PDQ XQWHU %HUÚFNVLFKWLJXQJ GHU %LQGXQJHQ GLH %HZHJXQJVJOHL
FKXQJHQ GHV 0HKUN—USHUV\VWHPV
:KUHQG NRQWLQXLHUOLFKH 6\VWHPH LQ GHU SUDNWLVFKHQ $QZHQGXQJ HKHU HLQH XQWHUJH
RUGQHWH 5ROOH VSLHOHQ ZHUGHQ )LQLWH (OHPHQWH 0RGHOOH EHUHLWV VWDQGDUGP|LJ LQ
VWUXNWXUG\QDPLVFKHQ 8QWHUVXFKXQJHQ HLQJHVHW]W EHL GHQHQ PHLVW NOHLQH 9HUIRUPXQ
JHQ YRUDXVJHVHW]W ZHUGHQ ’LH 0HWKRGH GHU 0HKUN—USHUV\VWHPH KDW VLFK IÚU GLH $QD
O\VH QLFKWOLQHDUHU %HZHJXQJHQ EHLVSLHOVZHLVH LQ GHU )DKU]HXJG\QDPLN XQG GHU 5R
ERWLN EHZKUW 8QDEKQJLJ YRP JHZKOWHQ 0RGHOO NDQQ LP $QVFKOXVV DQ GLH 0RGHOO
ELOGXQJ HLQH $QDO\VH GHU 6\VWHPJOHLFKXQJHQ XQWHU %HUÚFNVLFKWLJXQJ GHU ]X XQWHUVX
FKHQGHQ 3UREOHPVWHOOXQJ LP =HLW RGHU )UHTXHQ]EHUHLFK HUIROJHQ
1HEHQ %HUHFKQXQJHQ VSLHOHQ LQ GHU WHFKQLVFKHQ ’\QDPLN ([SHULPHQWH XQG VHLW GHU
9HUIÚJEDUNHLW OHLVWXQJVIKLJHU (FKW]HLW6LPXODWLRQVXPJHEXQJHQ DXFK ([SHULPHQW
JHNRSSHOWH 6LPXODWLRQHQ HLQH JUR|H 5ROOH )ÚU GLH %HUHFKQXQJ JHHLJQHWHU *ÚWHIXQN
WLRQHQ GLHVHU UHDOHQ 6\VWHPH PÚVVHQ 0HVVXQJHQ GXUFKJHIÚKUW ZHUGHQ GHUHQ $XV
ZHUWXQJ DQDORJ ]X GHQ YLUWXHOOHQ 6\VWHPHQ LP =HLW RGHU )UHTXHQ]EHUHLFK HUIROJHQ
NDQQ
 0RGHOOLHUXQJ YRQ )LQLWH (OHPHQWH 6\VWHPHQ
6LHKW PDQ YRQ &UDVKEHUHFKQXQJHQ RGHU GHU 6LPXODWLRQ YRQ 8PIRUPYRUJQJHQ DE
VR OLHJHQ EHL VWUXNWXUPHFKDQLVFKHQ 8QWHUVXFKXQJHQ LQ GHU 5HJHO QXU NOHLQH %HZH
JXQJHQ XQG 9HUIRUPXQJHQ YRU 8QWHU GLHVHU 9RUDXVVHW]XQJ VRZLH EHL %HVFKUQNXQJ
DXI OLQHDUH 0DWHULDOHLJHQVFKDIWHQ HUJHEHQ VLFK OLQHDUH *OHLFKXQJHQ ]XU %HVFKUHLEXQJ
GHV G\QDPLVFKHQ 9HUKDOWHQV YRQ )LQLWH (OHPHQWH 0RGHOOHQ ’LH IROJHQGHQ $XVIÚK
UXQJHQ EH]LHKHQ VLFK DXI VROFKH OLQHDUH )LQLWH (OHPHQWH 6\VWHPH
=XQFKVW VLQG GLH ORNDOHQ %HZHJXQJVJOHLFKXQJHQ HLQHV HLQ]HOQHQ )LQLWHQ (OHPHQWV
DXI]XVWHOOHQ GLH DXI *UXQGODJHQ GHU .RQWLQXXPVPHFKDQLN EDVLHUHQ (LQH ’LVNUHWLVLH
UXQJ GHV (OHPHQWV GXUFK )HVWOHJXQJ YRQ .QRWHQ XQG :DKO YRQ $QVDW]IXQNWLRQHQ IÚU
 $QDO\VH PHFKDQLVFKHU 6\VWHPH
GLH 9HUVFKLHEXQJHQ LQQHUKDOE GHV (OHPHQWV LQ $EKQJLJNHLW GHU .QRWHQSXQNWVYHU
VFKLHEXQJHQ [LX 2











/,1. >@ ’DEHL EHUÚFNVLFKWLJW GLH V\PPHWULVFKH 0DVVHQPDWUL[0L GLH 7UJKHLW GLH






GDV (OHPHQW ZLUNHQGHQ 2EHUIOFKHQ XQG 9ROXPHQNUIWH DXIJHWHLOW LQ HLQJHSUJWH
.UIWH XQG 5HDNWLRQVNUIWH
’LH JOREDOHQ %HZHJXQJVJOHLFKXQJHQ GHV 6\VWHPV HUJHEHQ VLFK DXV GHQ ORNDOHQ %H
ZHJXQJVJOHLFKXQJHQ GHU HLQ]HOQHQ )LQLWHQ (OHPHQWH ’D]X VLQG GLH ORNDOHQ *OHL
FKXQJHQ GXUFK 7UDQVIRUPDWLRQ LQ GLH JOREDOHQ .RRUGLQDWHQ ]X ÚEHUIÚKUHQ LQ GHQHQ
EHUHLWV LQQHUH XQG X|HUH %LQGXQJHQ EHUÚFNVLFKWLJW VLQG 0LW GHQ IUHLHQ .QRWHQ
SXQNWVYHUVFKLHEXQJHQ \X 2I GHV 6\VWHPV OVVW VLFK GHU JHRPHWULVFKH =XVDPPHQ
KDQJ ]X GHQ ORNDOHQ 9HUVFKLHEXQJHQ [L ÚEHU -DFRELPDWUL]HQ ,LX 2
I LI GXUFK GLH
%H]LHKXQJ
[L
 ,L \ 
EHVFKUHLEHQ 1DFK GHP G
$OHPEHUW
VFKHQ 3ULQ]LS OHLVWHQ GLH 5HDNWLRQVNUIWH NHLQH



















   
$XI *UXQG GHU 8QDEKQJLJNHLW GHU 9DULDWLRQHQ E\ PXVV GLH 6XPPH YHUVFKZLQGHQ
XQG PDQ HUKOW GXUFK (LQVHW]HQ GHU ORNDOHQ %HZHJXQJVJOHLFKXQJHQ  QDFK (LQ













,7L .L ,L  
  $QDO\VH PHFKDQLVFKHU 6\VWHPH













 TW  
ZREHL GLH JOREDOH 0DVVHQ XQG 6WHLILJNHLWVPDWUL[ DXI *UXQG GHU 6\PPHWULH GHU ORND
OHQ 0DWUL]HQ HEHQIDOOV V\PPHWULVFK VLQG
)ÚU GLH %HUHFKQXQJ YRQ (LJHQPRGHQ QXU VFKZDFK JHGPSIWHU 6\VWHPH XQG VWDWL
VFKH 8QWHUVXFKXQJHQ LVW GLH %H]LHKXQJ  DXVUHLFKHQG =XU (UPLWWOXQJ YRQ ÛEHU
WUDJXQJVIXQNWLRQHQ RGHU DOOJHPHLQHU /—VXQJHQ IÚU JHJHEHQH $QIDQJVEHGLQJXQJHQ
XQG .UDIWYHUOXIH VLQG ]XVW]OLFK ’PSIXQJVHIIHNWH LQ )RUP HLQHU V\PPHWULVFKHQ
’PSIXQJVPDWUL[ ’ HLQ]XIÚKUHQ 0LW GHU %HUÚFNVLFKWLJXQJ GHU ’PSIXQJVPDWUL[
ODXWHW GLH JOREDOH %HZHJXQJVJOHLFKXQJ GHV )LQLWH (OHPHQWH 6\VWHPV
0 \

W ’ \W . \W
 TW  
’D SK\VLNDOLVFKH $QQDKPHQ ÚEHU ’PSIXQJVNUIWH PHLVW VFKZLHULJ ]X HUKDOWHQ VLQG
XQG GLH %HUHFKQXQJ HLQHU NRQVLVWHQWHQ ’PSIXQJVPDWUL[ DQDORJ ]XU 0DVVHQ XQG
6WHLILJNHLWVPDWUL[ ]X LP $OOJHPHLQHQ QLFKW GLDJRQDOLVLHUEDUHQ %HZHJXQJVJOHLFKXQ
JHQ IÚKUW ZLUG LQ GHU 3UD[LV KXILJ PLW GHU PRGDOHQ ’PSIXQJ JHDUEHLWHW ’D]X ZLUG
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W  










6RPLW OVVW VLFK GLH IÚU GLH %HZHJXQJVJOHLFKXQJ  JHHLJQHWH ’PSIXQJVPDWUL[
’
 <7 GLDJ”EL‰ < 
 $QDO\VH PHFKDQLVFKHU 6\VWHPH










]XJHRUGQHW ZLUG ZHOFKHV HQWZHGHU DXV 0DWHULDOGDWHQ DEJHVFKW]W ZLUG RGHU GXUFK
0HVVXQJHQ DQ YHUJOHLFKEDUHQ 6WUXNWXUHQ HUPLWWHOW ZHUGHQ NDQQ
%HL GHU 0RGHOOLHUXQJ XQG $QDO\VH )LQLWHU (OHPHQWH 6\VWHPH NDQQ GHU ,QJHQLHXU DXI
HLQH 9LHO]DKO NXIOLFK HUZHUEEDUHU 3URJUDPPV\VWHPH ZLH ] % 1$675$1 >@ RGHU
$16<6 >@ ]XUÚFNJUHLIHQ 9HUVFKLHGHQH (OHPHQWW\SHQ VLQG EHUHLWV LQ %LEOLRWKHNHQ
LQWHJULHUW XQG PÚVVHQ QLFKW GXUFK GHQ 1XW]HU EHUHLWJHVWHOOW ZHUGHQ ’DV 3URJUDPP
ÚEHUQLPPW GDV $XIVWHOOHQ GHU JOREDOHQ %HZHJXQJVJOHLFKXQJHQ VRZLH GHUHQ /—VXQJ
,Q YLHOHQ )OOHQ ZLUG GLH 0RGHOOELOGXQJ GXUFK HLQH JUDSKLVFKH %HQXW]HUREHUIOFKH XQ
WHUVWÚW]W (LQH DEVFKOLH|HQGH 9LVXDOLVLHUXQJ GHU (UJHEQLVVH YHUEHVVHUW GDV 9HUVWQG
QLV GHV 6\VWHPYHUKDOWHQV
 0RGHOOLHUXQJ YRQ 0HKUN—USHUV\VWHPHQ
,Q $EKQJLJNHLW GHU %LQGXQJHQ XQG GHU 6WUXNWXU HLQHV 0HKUN—USHUV\VWHPV XQWHU
VFKHLGHW PDQ
 0HKUN—USHUV\VWHPH PLW %DXPVWUXNWXU XQG NLQHPDWLVFKHQ 6FKOHLIHQ VRZLH
 KRORQRPH XQG QLFKWKRORQRPH 0HKUN—USHUV\VWHPH
1DFK :DKO JHHLJQHWHU 0LQLPDONRRUGLQDWHQ ZHOFKH XQDEKQJLJ VLQG XQG /DJH VRZLH
2ULHQWLHUXQJ DOOHU .—USHU GHV 6\VWHPV HLQGHXWLJ IHVWOHJHQ ODVVHQ VLFK 0HKUN—USHU
V\VWHPH PLW %DXPVWUXNWXU VWHWV GXUFK HLQ JHZ—KQOLFKHV ’LIIHUHQWLDOJOHLFKXQJVV\VWHP
EHVFKUHLEHQ %HL 6\VWHPHQ PLW NLQHPDWLVFKHQ 6FKOHLIHQ LVW LQ YLHOHQ HEHQHQ )OOHQ
HEHQIDOOV HLQH ’DUVWHOOXQJ LQ 0LQLPDONRRUGLQDWHQ P—JOLFK ’XUFK (LQDUEHLWHQ GHU
6FKOHLIHQVFKOLH|EHGLQJXQJ N—QQHQ DEKQJLJH 9DULDEOHQ DXV GHU %HZHJXQJVJOHL
FKXQJ GHV 6\VWHPV PLW DXIJHVFKQLWWHQHU 6FKOHLIH HOLPLQLHUW XQG HLQH ’DUVWHOOXQJ DOV
JHZ—KQOLFKHV ’LIIHUHQWLDOJOHLFKXQJVV\VWHP HUUHLFKW ZHUGHQ )DOOV GLH 6FKOLH|EHGLQ
JXQJ QLFKW LQ HLQIDFKHU H[SOL]LWHU )RUP VRQGHUQ QXU LPSOL]LW YRUOLHJW NDQQ NHLQH ’DU
VWHOOXQJ LQ 0LQLPDONRRUGLQDWHQ JHIXQGHQ ZHUGHQ ,Q GLHVHQ )OOHQ LVW GDV V\VWHPEH
VFKUHLEHQGH GLIIHUHQWLDODOJHEUDLVFKH *OHLFKXQJVV\VWHP PLW VSH]LHOOHQ ,QWHUJUDWLRQV
DOJRULWKPHQ ]X O—VHQ 6&+,50 >@ XQG .5(8=(5 >@
+RORQRPH %LQGXQJHQ VFKUQNHQ %HZHJXQJHQ DXI /DJHHEHQH HLQ ,Q KRORQRPHQ
6\VWHPHQ VLQG GHVKDOE /DJHIUHLKHLWVJUDG I XQG *HVFKZLQGLJNHLWVIUHLKHLWVJUDG J
LGHQWLVFK %HL QLFKWKRORQRPHQ 0HKUN—USHUV\VWHPHQ IÚKUHQ QLFKWLQWHJULHUEDUH *H
VFKZLQGLJNHLWVELQGXQJHQ ]X HLQHU ]XVW]OLFKHQ (LQVFKUQNXQJ GHV *HVFKZLQGLJ
NHLWVIUHLKHLWVJUDGV J I 6&+,(+/(1 >@ ’LH IÚU GDV $XIVWHOOHQ GHU %HZHJXQJVJOHL
FKXQJ YRQ 0HKUN—USHUV\VWHPHQ HUIRUGHUOLFKHQ 6FKULWWH ZHUGHQ DXV *UÚQGHQ GHU
ÛEHUVLFKWOLFKNHLW KLHU QXU IÚU KRORQRPH 6\VWHPH GDUJHVWHOOW
  $QDO\VH PHFKDQLVFKHU 6\VWHPH
%HL GHU SK\VLNDOLVFKHQ 0RGHOOELOGXQJ OHJW PDQ GLH %HZHJXQJVP—JOLFKNHLWHQ GHV
6\VWHPV GXUFK :DKO I YHUDOOJHPHLQHUWHU .RRUGLQDWHQ \X 2I IHVW ,Q $EKQJLJNHLW
GLHVHU .RRUGLQDWHQ XQG GHU =HLW W NDQQ GLH /DJH GHU .—USHUVFKZHUSXQNWH GXUFK 2UWV
YHNWRUHQ ULX 2
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\ W  
6L
 6L\ W  
)ÚU GLH %HVFKUHLEXQJ YRQ *HVFKZLQGLJNHLW XQG %HVFKOHXQLJXQJ HUKOW PDQ QDFK (LQ



































































 BL  



















DXI]XVWHOOHQ ZREHL GLH DXI GLH .—USHU ZLUNHQGHQ .UIWH XQG 0RPHQWH XQWHUVFKLHGHQ





JHVHW]HQ ]X HUPLWWHOQGH HLQJHSUJWH .UIWH I H
L
XQG 0RPHQWH O H
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 1DFK GHP 3ULQ]LS
GHU YLUWXHOOHQ $UEHLW YHUVFKZLQGHW GLH 6XPPH GHU 6NDODUSURGXNWH DXV YLUWXHOOHQ %H
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XQG PDQ HUKOW QDFK (LQVHW]HQ GHU 1HZWRQ(XOHU
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˘-77L I HL  -75L O HL É 
GLH LP $OOJHPHLQHQ QLFKWOLQHDUH %HZHJXQJVJOHLFKXQJ
0\ W \
 N\ \  W
 T\ \  W 
GHV KRORQRPHQ 0HKUN—USHUV\VWHPV 6&+,(+/(1 >@
1LFKWKRORQRPH %LQGXQJHQ IÚKUHQ ]X ]XVW]OLFKHQ (LQVFKUQNXQJHQ DXI *HVFKZLQ
GLJNHLWVHEHQH VR GDVV IÚU HLQH %HVFKUHLEXQJ GHV 6\VWHPV LQ 0LQLPDONRRUGLQDWHQ
I /DJHIUHLKHLWVJUDGH \X 2I XQG J I YHUDOOJHPHLQHUWH *HVFKZLQGLJNHLWHQ]X 2J




 Y\ ] W 
DXVGUÚFNHQ GHUHQ (LQDUEHLWXQJ LQ GLH .LQHWLN DXI GDV QLFKWOLQHDUH ’LIIHUHQWLDOJOHL
FKXQJVV\VWHP
0\ W ]
 N\ ] W
 T\ ] W 
  $QDO\VH PHFKDQLVFKHU 6\VWHPH
IÚKUW
8P IÚU KRORQRPH XQG QLFKWKRORQRPH 6\VWHPH HLQH HLQKHLWOLFKH ’DUVWHOOXQJ GHU %H
ZHJXQJVJOHLFKXQJHQ ]X HUKDOWHQ ELHWHW VLFK IÚU KRORQRPH 0RGHOOH GLH (LQIÚKUXQJ
GHV 9HNWRUV GHU YHUDOOJHPHLQHUWHQ *HVFKZLQGLJNHLWHQ]
 \ DQ ’DPLW NDQQ GLH %H
ZHJXQJVJOHLFKXQJ  LQ %H]LHKXQJ  ÚEHUIÚKUW ZHUGHQ
,Q YLHOHQ )OOHQ OVVW VLFK GLH %HZHJXQJ GHV 6\VWHPV XP HLQH *OHLFKJHZLFKWVODJH
RGHU 6ROOEHZHJXQJ OLQHDULVLHUHQ ’DV DXV HLQHU /LQHDULVLHUXQJ GHU %HZHJXQJVJOHL
FKXQJ UHVXOWLHUHQGH 6\VWHP
0W \
 3W \  4W \
 KW 
ZLUG GXUFK GLH ]HLWDEKQJLJH 0DVVHQPDWUL[0W GLH 0DWUL[ GHU JHVFKZLQGLJNHLWVDE
KQJLJHQ .UIWH 3W GLH 0DWUL[ GHU ODJHDEKQJLJHQ .UIWH 4W VRZLH GLH (UUHJHU
IXQNWLRQ KW EHVFKULHEHQ %HL ]HLWLQYDULDQWHQ 6\VWHPHQ VLQG GLH 0DWUL]HQ NRQVWDQW
XQG N—QQHQ LQ LKUH V\PPHWULVFKHQ XQG VFKLHIV\PPHWULVFKHQ $QWHLOH DXIJHVSDOWHQ
ZHUGHQ
0 \
 ’ * \  . 1 \
 KW  
’DEHL ZHUGHQ GLH ’PSIXQJVNUIWH LQ GHU V\PPHWULVFKHQ ’PSIXQJVPDWUL[’ GLH
J\URVNRSLVFKHQ .UIWH LQ GHU VFKLHIV\PPHWULVFKHQ .UHLVHOPDWUL[* GLH NRQVHUYDWLYHQ
/DJHNUIWH LQ GHU 6WHLILJNHLWVPDWUL[ . VRZLH GLH QLFKWNRQVHUYDWLYHQ /DJHNUIWH LQ GHU
VFKLHIV\PPHWULVFKHQ 0DWUL[1 ]XVDPPHQJHIDVVW ’LH %HZHJXQJVJOHLFKXQJHQ OLQHD
UHU )LQLWH (OHPHQWH 6\VWHPH  VLQG GDPLW DOV 6SH]LDOIDOO LQ *OHLFKXQJ  HQWKDO
WHQ EHL GHP GLH VFKLHIV\PPHWULVFKHQ 0DWUL]HQ YHUVFKZLQGHQ
0LW +LOIH YHUVFKLHGHQHU 3URJUDPPV\VWHPH N—QQHQ GLH %HZHJXQJVJOHLFKXQJHQ DXWR
PDWLVFK HUVWHOOW ZHUGHQ QDFKGHP GHU ,QJHQLHXU GLH SK\VLNDOLVFKH 0RGHOOELOGXQJ
DOVR GHQ ÛEHUJDQJ YRP UHDOHQ 6\VWHP DXI GDV PHFKDQLVFKH (UVDW]V\VWHP GXUFKJH
IÚKUW KDW (LQH RIIHQH 6WUXNWXU GHV YHUZHQGHWHQ 3URJUDPPV HUODXEW HLQH (UZHLWHUXQJ
GHU %HZHJXQJVJOHLFKXQJHQ GXUFK ]XVW]OLFKH ’LIIHUHQWLDOJOHLFKXQJHQ EHLVSLHOV
ZHLVH ]XU %HVFKUHLEXQJ DNWLYHU 0HKUN—USHUV\VWHPH :HLW YHUEUHLWHW VLQG GDV YRU DO
OHP LQ GHU $XWRPRELOLQGXVWULH HLQJHVHW]WH $’$06 >@ XQG GDV LQ YLHOHQ %HUHLFKHQ
YHUZHQGHWH 6,03$&. >@ %HL 1(:(8/ >@ KDQGHOW HV VLFK XUVSUÚQJOLFK XP HLQHQ
)RUVFKXQJVFRGH GHU LQ]ZLVFKHQ GXUFK YLHOH )XQNWLRQDOLWWHQ ZLH EHLVSLHOVZHLVH GHU
PRGXODUHQ 6LPXODWLRQ XQG GHU 2SWLPLHUXQJ HUJQ]W ZXUGH 5Û.*$8(5 >@
 $QDO\VH PHFKDQLVFKHU 6\VWHPH LP =HLWEHUHLFK
+DQGHOW HV VLFK EHL GHQ %HZHJXQJVJOHLFKXQJHQ GHV PHFKDQLVFKHQ 6\VWHPV XP OL
QHDUH ’LIIHUHQWLDOJOHLFKXQJVV\VWHPH XQG OLHJHQ VSH]LHOOH (UUHJHUIXQNWLRQHQ ZLH ,P
 $QDO\VH PHFKDQLVFKHU 6\VWHPH
SXOVHUUHJXQJ RGHU KDUPRQLVFKH $QUHJXQJ YRU VR N—QQHQ GLH /—VXQJHQ DQDO\WLVFK
HUPLWWHOW ZHUGHQ ,P $OOJHPHLQHQ PXVV GLH %HZHJXQJVJOHLFKXQJ MHGRFK GXUFK HLQH
QXPHULVFKH ,QWHJUDWLRQ JHO—VW ZHUGHQ ’DV $QIDQJVZHUWSUREOHP
[
 





OHJW GLH /—VXQJ LQ $EKQJLJNHLW GHU $QIDQJVEHGLQJXQJHQ HLQGHXWLJ IHVW
%HL GHQ $OJRULWKPHQ ]XU QXPHULVFKHQ ,QWHJUDWLRQ XQWHUVFKHLGHW PDQ (LQVFKULWWYHUIDK
UHQ 0HKUVFKULWWYHUIDKUHQ XQG ([WUDSRODWLRQVYHUIDKUHQ =XU *UXSSH GHU (LQVFKULWWYHU
IDKUHQ RGHU 5XQJH.XWWD0HWKRGHQ ]KOHQ EHLVSLHOVZHLVH GDV (XOHU +HXQ XQG ’RU
PDQG3ULQFH9HUIDKUHQ ’LHVH 9HUIDKUHQ JUHLIHQ QLFKW DXI YHUJDQJHQH =XVWDQGVLQ
IRUPDWLRQHQ ]XUÚFN XQG KDEHQ LQVRIHUQ NHLQ *HGFKWQLV VRQGHUQ IÚKUHQ HLQ RGHU
PHKUIDFKH )XQNWLRQVDXVZHUWXQJHQ DXV XP GHQ =XVWDQG LQ HLQHP HLQ]HOQHQ =HLW
VFKULWW IRUW]XVFKUHLEHQ $XV GLHVHP *UXQG N—QQHQ VLH DXFK EHGLQJW EHL XQVWHWLJHQ
UHFKWHQ 6HLWHQ HLQJHVHW]W ZHUGHQ ,P *HJHQVDW] ]X GHQ (LQVFKULWWYHUIDKUHQ ZHUGHQ
EHL 0HKUVFKULWWYHUIDKUHQ ]XUÚFNOLHJHQGH 6WÚW]VWHOOHQ EHUÚFNVLFKWLJW ’DGXUFK NDQQ LQ
YLHOHQ )OOHQ GLH $Q]DKO GHU )XQNWLRQVDXVZHUWXQJHQ XQG GLH GDPLW YHUEXQGHQH 5H
FKHQ]HLW UHGX]LHUW ZHUGHQ 0RGHUQH 9HUIDKUHQ HUODXEHQ DXFK GLH ,QWHJUDWLRQ XQVWHWL
JHU UHFKWHU 6HLWHQ ZREHL *OHLFKXQJHQ ]XU (UNHQQXQJ GHU 8QVWHWLJNHLW EHUHLWJHVWHOOW
ZHUGHQ N—QQHQ RGHU 8QVWHWLJNHLWHQ GXUFK GHQ $OJRULWKPXV NRQWUROOLHUW ZHUGHQ
6+$03,1( >@ =XU *UXSSH GHU 0HKUVFKULWWYHUIDKUHQ JHK—UHQ X D GLH $GDPV%DVK
IRUWK XQG $GDPV0RXOWRQ 9HUIDKUHQ ([WUDSRODWLRQVYHUIDKUHQ EDXHQ LQ GHU 5HJHO DXI
(LQVFKULWWYHUIDKUHQ DXI ’HU =XVWDQG HLQHV =HLWVFKULWWV ZLUG GD]X DXI %DVLV GHU (UJHE
QLVVH YRQ %HUHFKQXQJHQ PLW XQWHUVFKLHGOLFKHQ 6FKULWWZHLWHQIROJHQ DEJHVFKW]W 0LW
HLQHU ([WUDSRODWLRQ GXUFK 3RO\QRPDQVW]H RGHU UDWLRQDOH )XQNWLRQHQ NDQQ GHU *UHQ]
ZHUW GLHVHU )ROJH EHUHFKQHW ZHUGHQ ’DGXUFK HU]LHOW PDQ UHODWLY JUR|H 6FKULWWZHLWHQ
EHL KRKHQ *HQDXLJNHLWHQ )ÚU GLH $QZHQGXQJ DXI PHFKDQLVFKH 6\VWHPH VLQG MHGRFK
LQ GHU 5HJHO PHKU )XQNWLRQVDXVZHUWXQJHQ Q—WLJ DOV EHL 0HKUVFKULWWYHUIDKUHQ
6&+,(+/(1 >@
:LFKWLJHU 3DUDPHWHU GHU QXPHULVFKHQ ,QWHJUDWLRQ LVW GLH 6FKULWWZHLWH *UR|H 6FKULWW
ZHLWHQ YHUPHLGHQ 5XQGXQJVIHKOHU XQG KDOWHQ GLH =DKO GHU QRWZHQGLJHQ )XQNWLRQV
DXVZHUWXQJHQ NOHLQ HUK—KHQ DEHU GHQ ’LVNUHWLVLHUXQJVIHKOHU XQG N—QQHQ VRJDU ]X
QXPHULVFKHQ ,QVWDELOLWWHQ IÚKUHQ ’D EHL QLFKWOLQHDUHQ 6\VWHPHQ HLQH JHHLJQHWH
6FKULWWZHLWH IÚU GHQ $QZHQGHU VFKZLHULJ IHVW]XOHJHQ LVW XQG VLFK DX|HUGHP GLH RSWL
PDOH 6FKULWWZHLWH LP /DXIH GHU 6LPXODWLRQ QGHUQ NDQQ VROOWH HLQ 9HUIDKUHQ PLW
6FKULWWZHLWHQVWHXHUXQJ HLQJHVHW]W ZHUGHQ ’DEHL ZLUG GLH 6FKULWWZHLWH DXI %DVLV HLQHU
$EVFKW]XQJ GHV ’LVNUHWLVLHUXQJVIHKOHUV LQ MHGHP ,WHUDWLRQVVFKULWW DQJHSDVVW 6R LVW
HLQH HIIHNWLYH ,QWHJUDWLRQ PLW DQ GLH ’\QDPLN GHV 6\VWHPYHUKDOWHQV DQJHSDVVWHQ
6FKULWWZHLWHQ JHZKUOHLVWHW
  $QDO\VH PHFKDQLVFKHU 6\VWHPH
)ÚU HLQH QXPHULVFKH ,QWHJUDWLRQ PÚVVHQ GLH %HZHJXQJVJOHLFKXQJHQ  E]Z
 QDFK GHQ %HVFKOHXQLJXQJHQ DXIJHO—VW ZHUGHQ )RUPDO LVW GLHV GXUFK HLQH ,Q
YHUWLHUXQJ GHU 0DVVHQPDWUL[ P—JOLFK 1XPHULVFK GDJHJHQ LVW HLQH ,QYHUVLRQ YRQ 0D
WUL]HQ DXIZHQGLJ XQG GHVKDOE P—JOLFKVW ]X YHUPHLGHQ 0DQ QXW]W VWDWWGHVVHQ GLH
6\PPHWULH XQG SRVLWLYH ’HILQLWKHLW GHU 0DVVHQPDWUL[ IÚU HLQH &KROHVN\=HUOHJXQJ
XQG HUPLWWHOW GLH %HVFKOHXQLJXQJ DXV GHQ UHVXOWLHUHQGHQ JHVWDIIHOWHQ *OHLFKXQJVV\V
WHPHQ :KUHQG GLH &KROHVN\=HUOHJXQJ EHL DOOJHPHLQHQ ]HLWDEKQJLJHQ XQG QLFKWOL
QHDUHQ %HZHJXQJVJOHLFKXQJHQ LQ MHGHP ,WHUDWLRQVVFKULWW DXVJHIÚKUW ZHUGHQ PXVV
UHLFKW EHL ]HLWLQYDULDQWHQ OLQHDUHQ 6\VWHPHQ  DXI *UXQG GHU NRQVWDQWHQ 0DVVHQ
PDWUL[ HLQH HLQPDOLJH =HUOHJXQJ DXV
1XPHULVFKH $OJRULWKPHQ ]XU ,QWHJUDWLRQ GHU %HZHJXQJVJOHLFKXQJHQ VLQG LQ GHQ PHL
VWHQ 0HKUN—USHU XQG )LQLWH (OHPHQWH 3URJUDPPSDNHWHQ EHUHLWV HQWKDOWHQ RGHU VWH
KHQ ZLH LQ GHU 1(:(8/ )DPLOLH >@ DOV ]XVW]OLFKHV 0RGXO ]XU 9HUIÚJXQJ )ÚU VSH
]LHOOH $QZHQGXQJHQ NDQQ HV GHQQRFK VLQQYROO VHLQ DXI DQGHUH $OJRULWKPHQ ]XUÚFN
]XJUHLIHQ VHL HV ZHLO GLH LPSOHPHQWLHUWHQ 9HUIDKUHQ LP (LQ]HOIDOO QLFKW ]XIULHGHQ VWHO
OHQG IXQNWLRQLHUHQ RGHU ZHLO HLQH .RSSOXQJ GHV PHFKDQLVFKHQ 6\VWHPV PLW DQGHUHQ
.RPSRQHQWHQ ZLH HOHNWULVFKHQ RGHU K\GUDXOLVFKHQ 6WHOOJOLHGHUQ RGHU HOHNWURQLVFKHQ
5HJOHUQ LP EHVWHKHQGHQ 3URJUDPPV\VWHP QLFKW LPSOHPHQWLHUEDU LVW 0$776621 (7
$/ >@ (LQ LP %HUHLFK GHU 5HJHOXQJVWHFKQLN ZHLW YHUEUHLWHWHV 6LPXODWLRQVSDNHW LVW
GHU %ORFNVLPXODWRU 6,08/,1. >@ EHL GHP GDV 9HUKDOWHQ YHUVFKLHGHQHU 7HLOV\VWHPH
LQ %O—FNHQ DEJHELOGHW ZLUG .RSSOXQJHQ ]ZLVFKHQ GHQ 7HLOV\VWHPHQ VSLHJHOQ VLFK
DQVFKDXOLFK LQ HLQHP 6LJQDOIOXVVSODQ ZLGHU ZDV GLH %HGLHQXQJ GHV 3URJUDPPV LQWXL
WLY XQG OHLFKW YHUVWQGOLFK PDFKW
$XI *UXQG GHU 9HUIÚJEDUNHLW OHLVWXQJVVWDUNHU 3UR]HVVRUHQ LVW IÚU YLHOH PHFKDQLVFKH
6\VWHPH HLQH (FKW]HLW6LPXODWLRQ P—JOLFK (UIRUGHUOLFK LVW GLHV EHL $QZHQGXQJHQ ZLH
=XVWDQGVEHREDFKWHUQ LQ GHU 5HJHOXQJVWHFKQLN ’Ñ556&+(,'7 81' /$7=(/ >@ EHL GHU
0DQLQWKH/RRS 6LPXODWLRQ LQ )DKU XQG )OXJVLPXODWRUHQ .$53/86 >@ VRZLH EHL GHU
GXUFK HLQH .RSSOXQJ YRQ UHDOHQ XQG VLPXOLHUWHQ 7HLOV\VWHPHQ GHILQLHUWHQ +DUGZDUH
LQWKH/RRS +L/ 6LPXODWLRQ 6&+)(5 >@
’LH QRWZHQGLJHQ 9RUDXVVHW]XQJHQ IÚU HLQH (FKW]HLW6LPXODWLRQ PÚVVHQ GXUFK GHQ
$XIEDX HLQHU HQWVSUHFKHQGHQ 6LPXODWLRQVXPJHEXQJ JHVFKDIIHQ ZHUGHQ %DVLV ELOGHW
HLQ (FKW]HLWEHWULHEVV\VWHP GDV GLH ]HLWJHQDXH $XVIÚKUXQJ VSH]LHOOHU 7DVNV VWHXHUW
=XU 6LFKHUVWHOOXQJ GHU (FKW]HLW ZLUG GLH 6LPXODWLRQ PLW (LQVFKULWWYHUIDKUHQ XQWHU 9HU
]LFKW DXI HLQH DXWRPDWLVFKH 6FKULWWZHLWHQVWHXHUXQJ GXUFKJHIÚKUW ’DEHL PXVV GLH
:DKO GHU 6FKULWWZHLWH ZLGHUVSUÚFKOLFKHQ $QVSUÚFKHQ JHUHFKW ZHUGHQ .OHLQH 6FKULWW
ZHLWHQ VLQG IÚU HLQH KRKH QXPHULVFKH *HQDXLJNHLW XQG GLH 6WDELOLWW GHU ,QWHJUDWLRQ
VRZLH IÚU HLQH JHULQJH 9HU]—JHUXQJ ]ZLVFKHQ 6LPXODWLRQVHLQJDQJ XQG DXVJDQJ
ZÚQVFKHQVZHUW IÚKUHQ MHGRFK ]X KRKHU 3UR]HVVRU$XVODVWXQJ ’LH QXPHULVFKH *H
 $QDO\VH PHFKDQLVFKHU 6\VWHPH
QDXLJNHLW NDQQ GXUFK HLQHQ 9HUJOHLFK HLQHU 2IIOLQH6LPXODWLRQ PLW )HKOHUÚEHUZDFKXQJ
XQG HLQHU 6LPXODWLRQ EHL NRQVWDQWHU 6FKULWWZHLWH IHVWJHVWHOOW ZHUGHQ %HL JHUHJHOWHQ
6\VWHPHQ IÚKUW GDV )HKOHQ GHU )HKOHUÚEHUZDFKXQJ LQ GHU 5HJHO ]X NHLQHQ QHQQHQV
ZHUWHQ )HKOHUQ LQ GHQ 6LPXODWLRQVHUJHEQLVVHQ 6LPXODWLRQV XQG VRJDU NOHLQH 0RGHOO
IHKOHU ZHUGHQ YRP 5HJOHU RGHU EHL 0DQLQWKH/RRS 6LPXODWLRQHQ YRP )DKUHU E]Z
3LORWHQ DXVJHJOLFKHQ %HVRQGHUHV $XJHQPHUN PXVV EHL GHU .RSSOXQJ YRQ UHDOHQ
XQG VLPXOLHUWHQ 6\VWHPHQ DXI GLH ’HILQLWLRQ GHU 6FKQLWWVWHOOHQ JHOHJW ZHUGHQ ’LH GD
EHL HLQJHVHW]WHQ 6HQVRUHQ XQG $NWRUHQ PÚVVHQ VR JHZKOW ZHUGHQ GDVV VLH GLH ’\
QDPLN GHU 6LPXODWLRQ QLFKW YHUIOVFKHQ
(LQH .RSSOXQJ YRQ +DUGZDUH XQG 6LPXODWLRQVPRGHOO ELHWHW VLFK LP :HVHQWOLFKHQ IÚU
GUHL $QZHQGXQJVEHUHLFKH DQ /LHJHQ IÚU VSH]LHOOH 7HLOV\VWHPH QXU XQYROONRPPHQH
XQG QLFKW YDOLGLHUWH 0RGHOOH YRU VR N—QQHQ GLHVH GXUFK +DUGZDUH HUVHW]W XQG VR PLW
H[DNWHU ’\QDPLN LQ GLH 6LPXODWLRQ GHV NRPSOHWWHQ 6\VWHPV HLQJHEXQGHQ ZHUGHQ (LQ
KQOLFKHV 9RUJHKHQ ELHWHW VLFK LP %HUHLFK GHV 9LUWXDO 3URWRW\SLQJ DQ ’XUFK GLH
.RSSOXQJ UHDOHU .RPSRQHQWHQ PLW 6LPXODWLRQVPRGHOOHQ LVW HLQ IUÚK]HLWLJHU 7HVW EH
UHLWV H[LVWLHUHQGHU 7HLONRPSRQHQWHQ P—JOLFK EHYRU GDV JHVDPWH 6\VWHP DOV +DUG
ZDUH YHUIÚJEDU LVW %LOG  (LQ QHXHU $VSHNW LVW GLH 1DFKELOGXQJ SDVVLYHU .RPSR
QHQWHQ GXUFK DNWLYH 6WHOOJOLHGHU ’XUFK HLQH (FKW]HLW6LPXODWLRQ ZLUG GDV 9HUKDOWHQ
SDVVLYHU 6\VWHPH EHUHFKQHW XQG PLW +LOIH DNWLYHU 6WHOOJOLHGHU HPXOLHUW %HLVSLHOVZHLVH
OVVW VLFK HLQH SDVVLYH )HGHU’PSIHU.RPELQDWLRQ GXUFK HLQ DNWLYHV .UDIW RGHU /D
JHVWHOOJOLHG HUVHW]HQ LQGHP GLH HQWVSUHFKHQGHQ .UIWH XQG %HZHJXQJHQ GHV SDVVL
YHQ 6\VWHPV DXI %DVLV YRQ 0HVVXQJHQ EHUHFKQHW XQG ÚEHU 6WHOOJOLHGHU GHP 6\VWHP
HLQJHSUJW ZHUGHQ %LOG  (LQH GHUDUWLJH (PXODWLRQ SDVVLYHU 6\VWHPH YHUHLQIDFKW
GLH 8QWHUVXFKXQJ YHUVFKLHGHQHU (QWZÚUIH XQG PDFKW VR HLQH YHUEHVVHUWH $XVOHJXQJ
SDVVLYHU 6\VWHPH XQG GHQ (LQVDW] UHFKQHUJHVWÚW]WHU 2SWLPLHUXQJVYHUIDKUHQ P—JOLFK
>@
’DQN GHU ]XQHKPHQGHQ 9HUEUHLWXQJ YRQ (FKW]HLWDQZHQGXQJHQ VLQG HLQH 9LHO]DKO IHU
WLJ NRQILJXULHUWHU +DUG XQG 6RIWZDUHO—VXQJHQ YHUIÚJEDU GLH HLQHQ HLQIDFKHQ ÛEHU
JDQJ YRQ GHU 2IIOLQH6LPXODWLRQ ]XU (FKW]HLW6LPXODWLRQ P—JOLFK PDFKHQ 6R ELHWHW
0$7/$% PLW GHP 5HDOWLPH :RUNVKRS HLQ :HUN]HXJ ]XU DXWRPDWLVFKHQ &RGHHU]HX
JXQJ DXV 6,08/,1. 0RGHOOHQ DQ $6&(7 >@ LVW HLQ %ORFNVLPXODWRU GHU HEHQIDOOV
VRZRKO IÚU 2IIOLQH6LPXODWLRQHQ DOV DXFK HQWVSUHFKHQGH (FKW]HLWDQZHQGXQJHQ HLQJH
VHW]W ZLUG ’LH )LUPD G63$&( ELHWHW DXIEDXHQG DXI 0$7/$%
V 5HDOWLPH :RUNVKRS
HLQH *HVDPWO—VXQJ DQ GLH DXFK .RPSRQHQWHQ IÚU HLQH $XWRPDWLVLHUXQJ GHU (FKW]HLW
6LPXODWLRQHQ GXUFK GLH 0—JOLFKNHLW GHU ’DWHQDXI]HLFKQXQJ XQG QGHUXQJ YRQ 3DUD
PHWHUQ XPIDVVW +$16(/0$11 >@
  $QDO\VH PHFKDQLVFKHU 6\VWHPH
%LOG  +L/ 6LPXODWLRQ DP %HLVSLHO GHU 9HUWLNDOG\QDPLN HLQHV )DKU]HXJV









 $QDO\VH PHFKDQLVFKHU 6\VWHPH LP )UHTXHQ]EHUHLFK
’LH 8QWHUVXFKXQJ DOOJHPHLQHU QLFKWOLQHDUHU G\QDPLVFKHU 6\VWHPH HUIROJW PHLVW ÚEHU
HLQH QXPHULVFKH /—VXQJ GHU V\VWHPEHVFKUHLEHQGHQ ’LIIHUHQWLDOJOHLFKXQJHQ $XVVD
JHQ ÚEHU SHULRGLVFKH /—VXQJHQ ODVVHQ VLFK ]XP %HLVSLHO PLW 3RLQFDUÿ$EELOGXQJHQ
GXUFK %HVFKUQNXQJ DXI GLH 3XQNWH GHV 3KDVHQUDXPV PDFKHQ DQ GHQHQ VLFK GDV
6\VWHP XQWHU EHVWLPPWHQ %HGLQJXQJHQ EHILQGHW .5(8=(5 >@ :HVHQWOLFK YHUEUHLWH
WHU VLQG 8QWHUVXFKXQJHQ OLQHDUHU ]HLWLQYDULDQWHU 6\VWHPH ’D]X ZHUGHQ GLH ’LIIHUHQ








 $QDO\VH PHFKDQLVFKHU 6\VWHPH
%LOG  %HLVSLHO GHU (PXODWLRQ SDVVLYHU .RPSRQHQWHQ GXUFK DNWLYH 6WHOOJOLHGHU
SDVVLYH )HGHU’PSIHU.RPELQDWLRQ









GXUFK =XVDPPHQIDVVHQ GHU /DJH XQG *HVFKZLQGLJNHLWVJU—|HQ LQ GLH =XVWDQGVIRUP
[
 
 $ [ % X 
PLW GHU 6\VWHPPDWUL[ $ XQG GHU (LQJDQJVPDWUL[ % ÚEHUIÚKUW ’XUFK (LQIÚKUXQJ GHU
%HREDFKWXQJVPDWUL[ & LVW GHU =XVDPPHQKDQJ ]ZLVFKHQ 0HVVJU—|HQ Z XQG =X
VWDQGVJU—|HQ [ ÚEHU GLH 0HVVJOHLFKXQJ
Z
 & [ 
IHVWJHOHJW
)ÚU GLH $QDO\VH GHV (LJHQYHUKDOWHQV DOVR IUHLHU 6FKZLQJXQJHQ RKQH X|HUH $QUH
JXQJ ZLUG GLH KRPRJHQH ’LIIHUHQWLDOJOHLFKXQJ
[
  $ [
  
  $QDO\VH PHFKDQLVFKHU 6\VWHPH





H ML W IÚKUW DXI GDV (LJHQZHUWSUREOHP
ML ( $ [
a
L
   
GDV QXU IÚU
GHW ML ( $
  
QLFKWWULYLDOH /—VXQJHQ KDW ’LH FKDUDNWHULVWLVFKH *OHLFKXQJ  OLHIHUW LP $OOJHPHL
QHQ NRPSOH[H (LJHQZHUWH ML
 TLÆ L WL GHUHQ QHJDWLYHU 5HDOWHLO EL
 TL GDV
$ENOLQJYHUKDOWHQ XQG GHUHQ ,PDJLQUWHLOWL GLH )UHTXHQ] GHV LWHQ 0RGHV ZLHGHUJLEW
.Û++251 81' 6,/%(5 >@ )ÚU HLQ DV\PSWRWLVFK VWDELOHV 6\VWHPYHUKDOWHQ PÚVVHQ GLH
5HDOWHLOH DOOHU (LJHQZHUWH QHJDWLY VHLQ ’LH (LJHQIRUP[a L GHU MHZHLOLJHQ 0RGHQ HUKOW
PDQ GXUFK (LQVHW]HQ GHU (LJHQZHUWH ML LQ GLH %H]LHKXQJ  (LQH GHUDUWLJH ,GHQWL
ILNDWLRQ GHU 6FKZLQJXQJVIUHTXHQ]HQ XQG PRGHQ ZLUG DOV UHFKQHULVFKH 0RGDODQD
O\VH EH]HLFKQHW .2/. 81' 67Û+/(5 >@
,Q YLHOHQ WHFKQLVFKHQ $QZHQGXQJHQ LVW QLFKW GDV (LJHQYHUKDOWHQ VRQGHUQ GDV 6W—U
YHUKDOWHQ GHV 6\VWHPV LQ $EKQJLJNHLW GHU $QUHJXQJX IÚU GLH %HXUWHLOXQJ GHV 6\V
WHPYHUKDOWHQV HQWVFKHLGHQG ’LH /DSODFH7UDQVIRUPDWLRQ GHU =XVWDQGVJOHLFKXQJ
 XQG 0HVVJOHLFKXQJ 
;V
 $ ; % 8  
:
 & ;  
IÚKUW DXI
:
 * 8 
PLW GHU 0DWUL[ GHU ÛEHUWUDJXQJVIXQNWLRQHQ
*V
 & V( $ %  
GHUHQ HLQ]HOQH (OHPHQWH *LM GDV ÛEHUWUDJXQJVYHUKDOWHQ EHL (LQ]HODQUHJXQJ ]ZL






)ÚU GLH 8QWHUVXFKXQJ HU]ZXQJHQHU 6FKZLQJXQJHQ PLW KDUPRQLVFKHU $QUHJXQJ HU
KOW PDQ GLH NRPSOH[H )UHTXHQ]JDQJPDWUL[ *L8 GXUFK (LQVHW]HQ YRQ V
 L8 LQ
*OHLFKXQJ  =XU %HXUWHLOXQJ YRQ 6FKZLQJXQJHQ NDQQ GLH NRPSOH[H )XQNWLRQ LQ
%HWUDJ _*L8_ XQG 3KDVHQZLQNHOu*L8 DXIJHVSDOWHQ XQG LP %RGH’LDJUDPP GDU
JHVWHOOW ZHUGHQ /81=( >@ $XVVFKODJJHEHQG IÚU GDV 9HUKOWQLV JHPHVVHQHU
 $QDO\VH PHFKDQLVFKHU 6\VWHPH
6FKZLQJXQJVDPSOLWXGHQ ]X $QUHJXQJVDPSOLWXGHQ LVW GHU $PSOLWXGHQIUHTXHQ]JDQJ
_*L8_ GHU GHVKDOE KXILJ ]XU %HXUWHLOXQJ KHUDQJH]RJHQ ZLUG
$X|HU GHU DXI PHFKDQLVFKHQ 0RGHOOHQ EDVLHUHQGHQ QXPHULVFKHQ 8QWHUVXFKXQJ N—Q
QHQ DXFK 0HVVXQJHQ DQ UHDOHQ 6WUXNWXUHQ ]XU %HXUWHLOXQJ G\QDPLVFKHU 6\VWHPH YHU
ZHQGHW ZHUGHQ *UXQGODJH DOOHU H[SHULPHQWHOOHQ $QDO\VHQ LVW GLH (UPLWWOXQJ YRQ
ÛEHUWUDJXQJVIXQNWLRQHQ DQDORJ ]X  ’D]X ZLUG GLH 6WUXNWXU PLW EHVWLPPWHQ $Q
UHJXQJVIXQNWLRQHQ ZLH 5DXVFKHQ ,PSXOV RGHU 6LQXV EHDXIVFKODJW XQG GLH 5HDNWLRQ
GHV 6\VWHPV JHPHVVHQ $XV GHU $XVZHUWXQJ YRQ ]HLWGLVNUHWHQ $QUHJXQJV XQG
0HVVVLJQDOHQ NDQQ PLW +LOIH GHU GLVNUHWHQ )RXULHU7UDQVIRUPDWLRQ ’)7 GHU )UH
TXHQ]JDQJ HUPLWWHOW ZHUGHQ 35(66 (7 $/ >@
’XUFK GLH $XI]HLFKQXQJ GHU 6LJQDOH PLW GHU $EWDVW]HLW7V
 IV LVW QDFK GHP 6KDQ
QRQ
VFKHQ $EWDVWWKHRUHP GLH PD[LPDO DXIO—VEDUH )UHTXHQ] IPD[
 IV EHJUHQ]W
’LH $Q]DKO GHU 0HVVZHUWH 1 OHJW VRZRKO GLH ’DXHU 7
 1 7V GHU 0HVVXQJ DOV DXFK
GLH $XIO—VXQJ GHU )RXULHUWUDQVIRUPLHUWHQ ’I
 IV1 LP )UHTXHQ]EHUHLFK IHVW XQG
VRUJW VR IÚU HLQHQ .RQIOLNW GHQQ DXI *UXQG GHU %H]LHKXQJ7 ’I
  NDQQ HLQH IHLQH
)UHTXHQ]UDVWHUXQJ ’I QXU PLW KRKHU 0HVVGDXHU 7 HUUHLFKW ZHUGHQ ’LHVHU =XVWDQG
NDQQ LQVEHVRQGHUH EHL QXU NXU]]HLWLJ DXIWUHWHQGHQ (UHLJQLVVHQ ]X 3UREOHPHQ IÚKUHQ
EHL HLQHU VWDWLRQUHQ 5DXVFKDQUHJXQJ KLQJHJHQ NDQQ HLQH TXDVL EHOLHELJ IHLQH )UH
TXHQ]UDVWHUXQJ GXUFK HQWVSUHFKHQG ODQJH 0HVV]HLWHQ HU]LHOW ZHUGHQ ,P $QVFKOXVV
DQ GLH 0HVVXQJ ZHUGHQ1 NRPSOH[H .RHIIL]LHQWHQ GHU )RXULHUWUDQVIRUPLHUWHQ DXV GHU
)ROJH YRQ 0HVVSXQNWHQ [
N

 [N 7V N















HUPLWWHOW ’LH VR JHIXQGHQHQ .RHIIL]LHQWHQFQ NRUUHVSRQGLHUHQ PLW GHU )UHTXHQ] Q’I
XQG ELOGHQ GDKHU HLQ 0D| IÚU GHQ )UHTXHQ]LQKDOW GHU )ROJH[
N
 0LW GHQ %H]HLFKQXQ
JHQ :Q IÚU GLH )RXULHUNRHIIL]LHQWHQ GHU 0HVVXQJ XQG8Q IÚU GLH .RHIIL]LHQWHQ GHU
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EHQXW]W ZLUG &22/(< 81' 78.(< >@ KDEHQ  HLQHQ VHKU HIIL]LHQWHQ $OJRULWKPXV
]XU %HUHFKQXQJ GHU )RXULHUNRHIIL]LHQWHQ HQWZLFNHOW GHU ]X HLQHU ZHLWHQ 9HUEUHLWXQJ
  $QDO\VH PHFKDQLVFKHU 6\VWHPH
GHU )RXULHU7UDQVIRUPDWLRQ JHIÚKUW KDW ’LHVH )DVW )RXULHU 7UDQVIRUPDWLRQ ))7 EH
UXKW DXI HLQHP UHNXUVLYHQ (LQVHW]VFKHPD GDV DXI :HUWHIROJHQ GHU /QJH1
 N
DQJHZDQGW ZHUGHQ NDQQ
$XVJHKHQG YRQ JHPHVVHQHQ )UHTXHQ]JQJHQ LVW HV P—JOLFK (LJHQIUHTXHQ]HQ XQG
IRUPHQ HLQHU 6WUXNWXU GXUFK HLQH H[SHULPHQWHOOH 0RGDODQDO\VH ]X EHVWLPPHQ
1$7.( >@ 0LW GLHVHQ (UJHEQLVVHQ N—QQHQ EHUHLWV YRUKDQGHQH 0RGHOOH YDOLGLHUW RGHU
6LPXODWLRQVPRGHOOH IÚU ZHLWHUIÚKUHQGH %HUHFKQXQJHQ ZLH GHQ (LQVDW] DNWLYHU .RP
SRQHQWHQ HUVWHOOW ZHUGHQ *UXQGODJH GHU H[SHULPHQWHOOHQ 0RGDODQDO\VH LVW GLH %H
VFKUHLEXQJ GHU ÛEHUWUDJXQJVIXQNWLRQHQ  GXUFK HLQ 5HVLGXHQPRGHOO ’D]X ZHU
GHQ GLH 6\VWHPJOHLFKXQJHQ  XQG GLH 0HVVJOHLFKXQJ  HLQHV PHFKDQL
VFKHQ 6\VWHPV PLW I )UHLKHLWVJUDGHQ PLW +LOIH GHU 7UDQVIRUPDWLRQ
[
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Z
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
’LH $QZHQGXQJ GHU /DSODFH7UDQVIRUPDWLRQ OLHIHUW
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ZREHL GLH 0DWUL[ GHU ÛEHUWUDJXQJVIXQNWLRQHQ DXI *UXQG GHU HLQIDFKHQ ,QYHUWLHUEDUNHLW






































GDUJHVWHOOW ZHUGHQ NDQQ $XV GHQ JHPHVVHQHQ )UHTXHQ]JQJHQ ZHUGHQ ]XQFKVW
GLH (LJHQZHUWH MM VRZLH GLH 5HVLGXHQPDWUL]HQ 5M IÚU GLH HLQ]HOQHQ LGHQWLIL]LHUWHQ 0R
GHQ DEJHVFKW]W ’XUFK HLQH DQVFKOLH|HQGH 2SWLPLHUXQJ NDQQ GHU )HKOHU ]ZLVFKHQ
0HVVXQJ XQG 0RGHOO PLQLPLHUW ZHUGHQ =XVW]OLFK ]X GHP DXI GLHVH :HLVH HUPLWWHOWHQ
ÛEHUWUDJXQJVYHUKDOWHQ LVW HV P—JOLFK HLQ GDV 6\VWHP EHVFKUHLEHQGHV ’LIIHUHQWLDO
 $QDO\VH PHFKDQLVFKHU 6\VWHPH
JOHLFKXQJVV\VWHP IÚU 6LPXODWLRQHQ LP =HLWEHUHLFK DXI]XVWHOOHQ ’D]X ZHUGHQ VSH
]LHOOH (LJHQVFKDIWHQ PHFKDQLVFKHU 6\VWHPH ZLH 6LQJXODULWW GHU 5HVLGXHQ XQG 5H]L
SUR]LWW ]ZLVFKHQ $QUHJXQJ XQG 0HVVXQJ EHUÚFNVLFKWLJW XP GXUFK HLQHQ DQVFKOLH
|HQGHQ 9HUJOHLFK PLW HLQHP )LQLWH (OHPHQWH 0RGHOO E]Z HLQHP OLQHDUHQ 0HKUN—USHU
PRGHOO XQVLFKHUH 3DUDPHWHU ]X NRUULJLHUHQ %$/0ü6 >@

 2SWLPLHUXQJ
%HL NRQYHQWLRQHOOHQ (QWZXUIVSUR]HVVHQ EDVLHUW GLH (QWVFKHLGXQJ IÚU HLQ VRJHQDQQWHV
RSWLPDOHV 6\VWHP KDXSWVFKOLFK DXI GHU (UIDKUXQJ GHV ,QJHQLHXUV ’XUFK LQWXLWLYHV
QGHUQ HLQLJHU 6\VWHPSDUDPHWHU XQG %HREDFKWHQ GHV 6\VWHPYHUKDOWHQV ZLUG PLW
+LOIH GHV 3ULQ]LSV k9HUVXFK XQG ,UUWXPl QDFK EHVWHQ 6\VWHPSDUDPHWHUQ JHVXFKW ’LH
VHU ,WHUDWLRQVSUR]HVV LVW LQ GHU 5HJHO ODQJZLHULJ XQG ZLUG PHLVW DXV =HLWPDQJHO YRU
]HLWLJ DEJHEURFKHQ 0LW GHU 9HUIÚJEDUNHLW ]XYHUOVVLJHU 6LPXODWLRQVWHFKQLNHQ XQG
2SWLPLHUXQJVDOJRULWKPHQ NDQQ GLH 6XFKH QDFK RSWLPDOHQ 3DUDPHWHUQ GXUFK GHQ
&RPSXWHU XQWHUVWÚW]W ZHUGHQ ’XUFK GHQ (LQVDW] GLHVHU 0HWKRGHQ ZHUGHQ GHU (QW
ZXUIVSUR]HVV EHVFKOHXQLJW XQG RSWLPDOH (QWZÚUIH V\VWHPDWLVFKHU DOV GXUFK HLQID
FKHV $XVSURELHUHQ JHIXQGHQ ’DPLW LVW GLH %DVLV IÚU HLQHQ FRPSXWHUJHVWÚW]WHQ (QW
ZXUIV XQG 2SWLPLHUXQJVSUR]HVV JHVFKDIIHQ
)ÚU GLH ’XUFKIÚKUXQJ HLQHU UHFKQHUJHVWÚW]WHQ 2SWLPLHUXQJ VLQG ]XQFKVW WHFKQLVFKH
3DUDPHWHU GHV 6\VWHPV IHVW]XOHJHQ GLH LQQHUKDOE JHZLVVHU *UHQ]HQ YDULLHUW ZHUGHQ
GÚUIHQ :HLWHUKLQ PÚVVHQ *ÚWHNULWHULHQ GHILQLHUW ZHUGHQ ZHOFKH HLQH REMHNWLYH %HXU
WHLOXQJ GHV 6\VWHPYHUKDOWHQV HUODXEHQ $XIEDXHQG DXI GLHVHQ ,QIRUPDWLRQHQ NDQQ
HLQH 0LQLPLHUXQJ HLQ]HOQHU .ULWHULHQ PLW +LOIH VNDODUHU 2SWLPLHUXQJVYHUIDKUHQ GXUFK
JHIÚKUW ZHUGHQ ’DEHL ZHUGHQ GLH 3DUDPHWHU GXUFK GHQ $OJRULWKPXV V\VWHPDWLVFK
RGHU KHXULVWLVFK VRODQJH YHUQGHUW ELV EHVWLPPWH $EEUXFKEHGLQJXQJHQ HUIÚOOW VLQG
XQG GHU 0LQLPLHUHU LQQHUKDOE HLQHU YRUJHJHEHQHQ *HQDXLJNHLW JHIXQGHQ LVW
,Q UHDOHQ $QZHQGXQJHQ ZLUG HLQ HLQ]HOQHV .ULWHULXP IÚU GLH 6\VWHPEHXUWHLOXQJ LQ GHU
5HJHO QLFKW DXVUHLFKHQG VHLQ YLHOPHKU ZLUG VLFK GLH 9LHO]DKO XQWHUVFKLHGOLFKHU $QIRU
GHUXQJHQ LQ YHUVFKLHGHQHQ .ULWHULHQ QLHGHUVFKODJHQ $OOHUGLQJV IÚKUW GLH 0LQLPLHUXQJ
HLQHV HLQ]HOQHQ .ULWHULXPV QLFKW ]ZDQJVOXILJ ]XU 0LQLPLHUXQJ DQGHUHU *ÚWHIXQNWLR
QHQ VRQGHUQ HV WUHWHQ :LGHUVSUÚFKH DXI ’LH 6FKZLHULJNHLW GHV 9HUJOHLFKV YRQ .ULWH
ULHQYHNWRUHQ PXVV GXUFK GHQ (LQVDW] VSH]LHOOHU 9HUIDKUHQ ]XU 0HKUNULWHULHQRSWLPLH
UXQJ JHO—VW ZHUGHQ ,Q GLHVHQ )OOHQ ZLUG HLQ .RPSURPLVV ]ZLVFKHQ GHQ ZLGHU
VSUÚFKOLFKHQ .ULWHULHQ JHVXFKW $OOH .RPSURPLVVO—VXQJHQ GLH GXUFK $XVVFKOXVV
QLFKWRSWLPDOHU (QWZÚUIH DXV GHU 0HQJH GHU ]XOVVLJHQ (QWZÚUIH GHILQLHUW VLQG ZHU
GHQ LQ GHU 3DUHWRRSWLPDOHQ 0HQJH ]XVDPPHQJHIDVVW ’HP ,QJHQLHXU EOHLEW GLH
OHW]WH (QWVFKHLGXQJ LP (QWZXUIVSUR]HVV YRUEHKDOWHQ ’XUFK $EZJXQJ GHU 9RU XQG
1DFKWHLOH ZKOW HU VFKOLH|OLFK GDV DXV VHLQHU 6LFKW RSWLPDOH 6\VWHP DXV GHQ PLW +LOIH
GHU 0HKUNULWHULHQRSWLPLHUXQJVYHUIDKUHQ JHIXQGHQHQ 3DUHWRRSWLPDOHQ (QWZÚUIHQ
  2SWLPLHUXQJ
 *ÚWHNULWHULHQ ]XU %HXUWHLOXQJ G\QDPLVFKHU 6\VWHPH
9HUJOLFKHQ PLW GHU 6\VWHPDQDO\VH VWHKW GLH 6\VWHPRSWLPLHUXQJ QRFK DP $QIDQJ ’D
EHL IHKOW HV LQVEHVRQGHUH DQ HLQHU XPIDVVHQGHQ 6\VWHPDWLN YRQ 2SWLPLHUXQJVNULWH
ULHQ ’LH )RUPXOLHUXQJ JHHLJQHWHU *ÚWHNULWHULHQ IÚU GLH 2SWLPLHUXQJ G\QDPLVFKHU 6\V
WHPH ZLUG LP :HVHQWOLFKHQ YRQ ]ZHL )DNWRUHQ EHHLQIOXVVW =XP HLQHQ KDEHQ VLFK IÚU
GLH %HXUWHLOXQJ VSH]LHOOHU 6\VWHPH EHVWLPPWH .ULWHULHQ EHZKUW ]XP DQGHUHQ VHW]W
GLH $QZHQGXQJ HLQLJHU 2SWLPLHUXQJVYHUIDKUHQ HLQH EHVWLPPWH PDWKHPDWLVFKH )RU
PXOLHUXQJ GHU *ÚWHIXQNWLRQ YRUDXV ,P )ROJHQGHQ VROOHQ YHUVFKLHGHQH .ULWHULHQ DXV
XQWHUVFKLHGOLFKHQ ’LV]LSOLQHQ ]XVDPPHQJHVWHOOW ZHUGHQ
+LQVLFKWOLFK GHU PDWKHPDWLVFKHQ ’DUVWHOOXQJ XQWHUVFKHLGHW PDQ ]ZLVFKHQ H[SOL]LWHQ
.ULWHULHQ XQG LQWHJUDOHQ .ULWHULHQ %(67/( >@ ’LHV LVW DOOHUGLQJV QXU IÚU GLH (PSILQG
OLFKNHLWVDQDO\VH EHGHXWVDP VR GDVV GLHVH 8QWHUWHLOXQJ IÚU GLH IROJHQGH =XVDPPHQ
VWHOOXQJ YRQ .ULWHULHQ NHLQH 5ROOH VSLHOW ’HV :HLWHUHQ ZLUG DXFK DXI HLQH ’LIIHUHQ]LH
UXQJ YRQ *ÚWHNULWHULHQ XQG 1HEHQEHGLQJXQJHQ YHU]LFKWHW GD GLHVH LP 5DKPHQ GHU
0HKUNULWHULHQRSWLPLHUXQJ LQ LKUHU %HGHXWXQJ DXVJHWDXVFKW ZHUGHQ N—QQHQ
(LQ LQ GHU 5HJHOXQJVWHFKQLN ZHLW YHUEUHLWHWHV 9HUIDKUHQ ]XU 2SWLPLHUXQJ GHU .RHIIL
]LHQWHQ GHU 5ÚFNIÚKUPDWUL[ LVW GDV 5LFFDWL9HUIDKUHQ )Ñ//,1*(5 >@ ’DEHL ZLUG DOV
*ÚWHIXQNWLRQ GLH 5HJHODEZHLFKXQJ [W XQG GLH 6WHOOHQHUJLH XW PLWWHOV V\PPHWUL







˘[74[ X76XÉ GW  
)ÚU VWDELOH OLQHDUH 6\VWHPH IÚKUW GLH 0LQLPLHUXQJ GHV )XQNWLRQDOV- DXI HLQH DOJHEUD
LVFKH 0DWUL]HQJOHLFKXQJ ’LH /—VXQJ GLHVHU 5LFFDWL*OHLFKXQJ OHJW GLH .RHIIL]LHQWHQ
GHU 5ÚFNIÚKUPDWUL[ HLQGHXWLJ IHVW
:KUHQG GLH TXDGUDWLVFKH 5HJHOIOFKH  GDV (LJHQYHUKDOWHQ HLQHV 6\VWHPV LP
=HLWEHUHLFK EHZHUWHW JHEHQ 0Û//(5 81' 6&+,(+/(1 >@ .ULWHULHQ DQ GLH GXUFK $XV











VWHOOW GHQ $EVWDQG GHU LPDJLQUHQ $FKVH YRP QFKVWJHOHJHQHQ (LJHQZHUW HLQHV



















VFKH ’PSIXQJVPD| %HLGH .ULWHULHQ ELOGHQ HLQ 0D| IÚU GLH $E
NOLQJJHVFKZLQGLJNHLW YRQ $QIDQJVDXVOHQNXQJHQ
,Q GHU 5HJHO VROO HLQ 6\VWHP QLFKW QXU HLQ JXWHV (LJHQYHUKDOWHQ VRQGHUQ DXFK HLQ
JXWHV 6W—UYHUKDOWHQ DXIZHLVHQ =XU $QDO\VH GHU $XVZLUNXQJ YRQ 6W—UJU—|HQ DXI GDV
6\VWHPYHUKDOWHQ ZHUGHQ KXILJ )UHTXHQ]JQJH*L8 ]XPHLVW $PSOLWXGHQIUHTXHQ]
























6ROOHQ LP 5DKPHQ HLQHU 3DUDPHWHULGHQWLILNDWLRQ 6LPXODWLRQVGDWHQ[W DQ GLH (UJHE
QLVVH HLQHU 0HVVXQJ [
VROO
W RGHU EHL GHU 5HJOHUV\QWKHVH HLQH 7UDMHNWRULH[W DQ JH
JHEHQH 6ROOZHUWH [
VROO




W z HUUHLFKHQ 8QWHUVFKLHGOLFKH 5HJHOIOFKHQ

















 $ U Ö 
IRUPXOLHUW *HEUXFKOLFK VLQG GLH 0HWULNHQU
  TXDGUDWLVFKH 5HJHOIOFKHQ U
 
VRZLH GLH 0D[LPXPVQRUP U@Ö ’XUFK HLQH =HLWGLVNUHWLVLHUXQJ OVVW VLFK GDV ,Q
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N ’W 
  2SWLPLHUXQJ
’LHVH 7UDQVIRUPDWLRQ YRQ LQWHJUDOHQ .ULWHULHQ DXI 6XPPHQWHUPH GLH DXFK DXI GLH
.ULWHULHQ  ÚEHUWUDJHQ ZHUGHQ NDQQ OVVW GHQ (LQVDW] DQJHSDVVWHU 2SWLPLH
UXQJVYHUIDKUHQ ]X 6R H[LVWLHUHQ IÚU GLH 0LQLPLHUXQJ YRQ )HKOHUTXDGUDWHQ U
 
/HDVW 6TXDUH 3UREOHPH XQG GLH 0D[LPXPVQRUP U@Ö 0LQ0D[3UREOHPH VSH
]LHOOH 2SWLPLHUXQJVYHUIDKUHQ *,// (7 $/ >@ ZHOFKH GLH MHZHLOLJH 6WUXNWXU GHU *ÚWH
IXQNWLRQ EHUÚFNVLFKWLJHQ XQG GHVKDOE LQ GHQ PHLVWHQ )OOHQ DOOJHPHLQHQ 2SWLPLH
UXQJVYHUIDKUHQ ÚEHUOHJHQ VLQG $XI GLHVH VSH]LHOOHQ 9HUIDKUHQ ZLUG KLHU QLFKW ZHLWHU
HLQJHJDQJHQ GD LQ GLHVHU $UEHLW DOOJHPHLQH QLFKWOLQHDUH *ÚWHNULWHULHQ DQJHZDQGW
ZHUGHQ VROOHQ
=XVW]OLFK ]X GHQ ELVKHU EHVFKULHEHQHQ *ÚWHIXQNWLRQHQ ZHUGHQ LQ GHU 0HVVGDWHQYHU
DUEHLWXQJ )LOWHU XQG )HQVWHUIXQNWLRQHQ ]XU %HZHUWXQJ GHU 0HVVVLJQDOH HLQJHVHW]W
=LHO GLHVHU 9HUIDKUHQ LVW ]XP HLQHP GLH 8QWHUGUÚFNXQJ XQHUZÚQVFKWHU (IIHNWH ZLH
GHP $OLDVLQJ EHL GHU GLJLWDOHQ $XI]HLFKQXQJ DQDORJHU 6LJQDOH ]XP DQGHUHQ N—QQHQ
EHVWLPPWH (LJHQVFKDIWHQ GHV 6LJQDOV JHHLJQHW YHUVWUNW RGHU DEJHVFKZFKW ZHUGHQ
8P EHLVSLHOVZHLVH GLH IUHTXHQ]DEKQJLJH PHQVFKOLFKH :DKUQHKPXQJVIKLJNHLW GHV
*HK—UV ]X EHUÚFNVLFKWLJHQ ZHUGHQ JHPHVVHQH 6FKDOOGUXFNSHJHO PLW %HZHUWXQJVNXU
YHQ PXOWLSOL]LHUW :(&. 81' 3/(:1,$ >@ $QDORJ ]XU *HUXVFKHPSILQGXQJ QLPPW GHU
0HQVFK DXFK (UVFKÚWWHUXQJHQ YHUVFKLHGHQHU )UHTXHQ]HQ XQWHUVFKLHGOLFK VWDUN ZDKU
’LHVHP (IIHNW ZLUG LQ ’,1  >@ GXUFK VSH]LHOOH )RUPILOWHU IÚU YHUWLNDOH XQG KRUL
]RQWDOH (LQZLUNXQJ 5HFKQXQJ JHWUDJHQ $XI )UHTXHQ]JDQJGDUVWHOOXQJHQ OLQHDUHU
6\VWHPH N—QQHQ GLHVH NÚQVWOLFKHQ )LOWHU GLUHNW DQJHZDQGW ZHUGHQ ’DJHJHQ PXVV
GDV )RUPILOWHU IÚU $QZHQGXQJHQ LP =HLWEHUHLFK GXUFK HLQ ’LIIHUHQWLDOJOHLFKXQJVV\V
WHP DSSUR[LPLHUW ZHUGHQ ZHOFKHV GHQ $PSOLWXGHQJDQJ GHV )RUPILOWHUV QKHUXQJV
ZHLVH EHVFKUHLEW 3233 81' 6&+,(+/(1 >@ ’LHVHV ’LIIHUHQWLDOJOHLFKXQJVV\VWHP NDQQ
DOV )RUPILOWHUHUVDW] VRZRKO IÚU QXPHULVFKH %HUHFKQXQJHQ YHUZHQGHW DOV DXFK LQ GHU
0HVVWHFKQLN GXUFK HLQH HQWVSUHFKHQGH DQDORJH 6FKDOWXQJ UHDOLVLHUW ZHUGHQ
)HQVWHUIXQNWLRQHQ ]XU %HZHUWXQJHQ YRQ =HLWVLJQDOHQ VSLHOHQ EHL GHU )RXULHUWUDQVIRU
PDWLRQ HLQH ZLFKWLJH 5ROOH :HVHQWOLFKHV =LHO LVW GLH 8QWHUGUÚFNXQJ YRQ $EVFKQHLGH
HIIHNWHQ DQ GHQ 3HULRGHQUQGHUQ XQG 5XQGXQJVIHKOHUQ EHL DENOLQJHQGHQ 6LJQDOHQ
ZLH VLH EHL GHU ,PSXOVDQUHJXQJ YRUOLHJHQ 0DWKHPDWLVFK ZLUG GLH $QZHQGXQJ GHU
)HQVWHUIXQNWLRQ ZW DXI GDV 0HVVVLJQDO [W DOV 0XOWLSOLNDWLRQ LP =HLWEHUHLFK
[
aW
 [W ZW  









;L8 :L8 L8 G8 
 2SWLPLHUXQJ
ZLHGHUJHJHEHQ ’LHVH %HUHFKQXQJVYRUVFKULIW ]XU (UPLWWOXQJ GHU )RXULHUWUDQVIRUPLHU
WHQ ;
a
LW LVW MHGRFK IÚU DOOJHPHLQH 6SHNWUHQ QLFKW VHKU DQVFKDXOLFK ZHVKDOE LQ GHU
3UD[LV )HQVWHUIXQNWLRQHQ PHLVW DXI %DVLV GHU (UIDKUXQJ IHVWJHOHJW ZHUGHQ *HEUXFK
OLFKH %HZHUWXQJVIXQNWLRQHQ VLQG 5HFKWHFN ’UHLHFN ([SRQHQWLDO +DQQLQJ XQG
+DPPLQJ)HQVWHU +2))0$11 >@
$XFK EHL GHU (UPLWWOXQJ YRQ 5HJOHU RGHU 0RGHOODEZHLFKXQJHQ LVW GHU (LQVDW] JHHL
JQHWHU )LOWHU XQG )HQVWHUIXQNWLRQHQ HPSIHKOHQVZHUW XP EHVWLPPWH (UHLJQLVVH VWU
NHU ]X JHZLFKWHQ 6R NDQQ HLQH IÚU GDV 6\VWHPYHUKDOWHQ EHGHXWXQJVORVH JHULQJH
NRQVWDQWH $EZHLFKXQJ ÚEHU HLQHQ OQJHUHQ =HLWUDXP LP 9HUJOHLFK ]X HLQHP UHOHYDQ
WHQ 8QWHUVFKLHG EHL NXU]]HLWLJHQ KRFKG\QDPLVFKHQ 9RUJQJHQ EHL 9HUZHQGXQJ HL
QHV LQWHJUDOHQ .ULWHULXPV GHU )RUP  ÚEHUJHZLFKWHW VHLQ $EKLOIH NDQQ LQ VROFKHQ
)OOHQ GXUFK HLQH +RFKSDVVILOWHUXQJ GHV )HKOHUVLJQDOV RGHU *HZLFKWXQJ GHU $EZHL
FKXQJ GXUFK %HZHUWXQJVIXQNWLRQHQ ZHOFKH QGHUXQJHQ GHV 6\VWHP]XVWDQGV LP
*HJHQVDW] ]X TXDVLVWDWLRQUHQ 9RUJQJHQ FKDUDNWHULVLHUHQ JHVFKDIIHQ ZHUGHQ ,P
XPJHNHKUWHQ )DOO NDQQ EHLVSLHOVZHLVH EHL (LQVFKZLQJYRUJQJHQ DXFK HLQH =HLWEH
ZHUWXQJ GHU 6FKZLQJXQJVJU—|H VLQQYROO VHLQ ZHQQ VFKZDFKJHGPSIWH 6FKZLQJXQ
JHQ VWUNHU JHZLFKWHW ZHUGHQ VROOHQ
%HL GHU ,GHQWLILNDWLRQ YRQ 6FKZLQJXQJHQ N—QQHQ 6FKZLHULJNHLWHQ DXI *UXQG GHU ’HIL
QLWLRQ YRQ $EZHLFKXQJHQ LP =HLWEHUHLFK DXIWUHWHQ ZLH GDV IROJHQGH %HLVSLHO GHXWOLFK




































JHIXQGHQ ZHUGHQ ’HU :HUW GHU *ÚWHIXQNWLRQ LQ $EKQJLJNHLW GHV 2SWLPLHUXQJVSDUD
PHWHUV N
6
LVW LQ %LOG  IÚU YHUVFKLHGHQH =HLWLQWHUYDOOH7 DXIJHWUDJHQ :KUHQG PDQ
IÚU NXU]H =HLWLQWHUYDOOH 7
 Q DOV 0LQLPXP GHV .ULWHULXPV  QRFK QKHUXQJV
ZHLVH GLH $PSOLWXGH N
6

  ILQGHW YHUVFKLHEW VLFK IÚU OQJHUH ,QWHUYDOOH GDV 0LQLPXP
]X NOHLQHQ :HUWHQ EHL  3HULRGHQ HUKOW PDQ DOV 0LQLPLHUHU VRJDUN
6

  DOVR HLQ





 DXI GLH .ULWHULHQZHUWH IÚU HLQ JHJHEHQHV =HLWLQWHU
YDOO 7
 Q ’XUFK GLH ’HILQLWLRQ GHU *ÚWHIXQNWLRQ DOV $EZHLFKXQJ LP =HLWEHUHLFK
  2SWLPLHUXQJ
%LOG  *WHIXQNWLRQ LQ $EKlQJLJNHLW YRQ $PSOLWXGH XQG ,QWHJUDWLRQVGDXHU
Y
























































NDQQ GHU 0LQLPLHUHU N
6






]ZDU RSWLVFK OHLFKW EHVWLPPW ZHUGHQ IÚU
HLQH UHFKQHUJHVWÚW]WH 2SWLPLHUXQJ LVW GLH )RUP GHU *ÚWHIXQNWLRQ MHGRFK SUREOHPD
 2SWLPLHUXQJ
WLVFK 3DUDOOHO ]XU $PSOLWXGHQDFKVH YHUODXIHQ PHKUHUH ORNDOH 7OHU VR GDVV YLHOH 2SWL
PLHUXQJVDQOXIH LQ ORNDOHQ 0LQLPD NRQYHUJLHUHQ ’LH .RQYHUJHQ] LP JOREDOHQ 0LQL
PLHUHU LVW QXU EHL GHU :DKO VHKU JXWHU 6WDUWZHUWH ]X HUZDUWHQ
8P GLH GXUFK )UHTXHQ]IHKOHU YHUXUVDFKWH 3UREOHPDWLN DXV]XVFKDOWHQ NDQQ DQ 6WHOOH
HLQHU ]HLWEDVLHUWHQ *ÚWHIXQNWLRQ HLQH %HZHUWXQJ GHU 6LJQDOH LP )UHTXHQ]EHUHLFK HU
IROJHQ )UHTXHQ] XQG $PSOLWXGH GHU 6FKZLQJXQJ N—QQHQ XQDEKQJLJ YRQ LKUHU 3KD
VHQODJH GXUFK HLQH )RXULHUDQDO\VH ODXW GHU %HUHFKQXQJVYRUVFKULIW  HUPLWWHOW
ZHUGHQ =XU 9HUPHLGXQJ YRQ $EVFKQHLGHHIIHNWHQ ZHUGHQ DOOH LP ZHLWHUHQ YHUZHQGH
WHQ 6LJQDOH YRU GHU )RXULHU7UDQVIRUPDWLRQ PLW HLQHP +DQQLQJ)HQVWHU EHZHUWHW
%LOG  ]HLJW GLH %HWUJH GHU )RXULHUNRHIIL]LHQWHQ ]ZHLHU 6LQXVVFKZLQJXQJHQ EHL HL
QHU $EWDVWIUHTXHQ] YRQ  +] XQG HLQHU 0HVVGDXHU YRQ 7
  V ’DV GLVNUHWH )UH
TXHQ]UDVWHU GHVVHQ (LQWHLOXQJ ’I ÚEHU GLH %H]LHKXQJ 7 ’I
  PLW GHU 0HVVGDXHU
7 JHNRSSHOW LVW NDQQ GLH 6FKZLQJXQJ PLW HLQHU )UHTXHQ] YRQI
  +] H[DNW ZLHGHU
JHEHQ /LHJW GLH WDWVFKOLFKH )UHTXHQ] GHU 6FKZLQJXQJ ]ZLVFKHQ ]ZHL GLVNUHWHQ )UH
TXHQ]SXQNWHQ ZLH EHL GHU 6FKZLQJXQJ PLW I
  +] VR LVW HLQH HLQGHXWLJH %H
VWLPPXQJ GHV 0D[LPXPV GHU )RXULHUNRHIIL]LHQWHQ XQG GDPLW GHU 6FKZLQJXQJVIUH
TXHQ] QLFKW RKQH ZHLWHUHV GXUFKIÚKUEDU 8P LQ VROFKHQ )OOHQ GLH GLVNUHWHQ $PSOLWX
GHQ XQG )UHTXHQ]ZHUWH LQ PLWWOHUH 6FKZLQJXQJVDPSOLWXGHQ XQG IUHTXHQ]HQ XP]X

























UHFKQHQ ZHUGHQ ]XVW]OLFK ]XP 0D[LPXP _F
L
_ Q EHQDFKEDUWH :HUWH KHUDQJH]RJHQ






















HLQJHVHW]W %LOG  ]HLJW GLH DXI %DVLV HLQHU 0LWWHOXQJ PLW Q
  HUUHFKQHWHQ )UH
TXHQ]HQ XQG 6FKZLQJXQJVDPSOLWXGHQ LQ $EKQJLJNHLW GHU )UHTXHQ] GHU XQWHUVXFK
WHQ 6FKZLQJXQJ ’LH HUPLWWHOWHQ )UHTXHQ]HQ VWLPPHQ IÚU JDQ]]DKOLJH 9LHOIDFKH GHU
)UHTXHQ]DXIO—VXQJ ’I
  +] H[DNW PLW GHU 6FKZLQJXQJVIUHTXHQ] ÚEHUHLQ =ZL
VFKHQ GHQ 9LHOIDFKHQ EHWUJW GLH PD[LPDOH $EZHLFKXQJ +] VR GDVV GHU )HK
OHU EHL GHU )UHTXHQ]DXVZHUWXQJ JHJHQÚEHU GHU )UHTXHQ]DXIO—VXQJ’I XP GHQ )DN
WRU  UHGX]LHUW ZHUGHQ NDQQ ’LH EHL GHU $PSOLWXGHQPLWWHOXQJ DXIWUHWHQGHQ 6FKZLQ
JXQJHQ YRQ ZHQLJHU DOV  VLQG JHJHQÚEHU HLQHU GLUHNWHQ $EVFKW]XQJ DXV GHQ HLQ
]HOQHQ EHWUDJVJU—|WHQ )RXULHUNRHIIL]LHQWHQ YLHUPDO JHQDXHU $XI *UXQG GLHVHU (UJHE
QLVVH VROOWHQ GLH $PSOLWXGHQ XQG )UHTXHQ]HQ VWHWV DXI %DVLV GHU *OHLFKXQJHQ 
%LOG  *HPLWWHOWH )UHTXHQ] XQG $PSOLWXGHQZHUWH
I >+]@
I














XQG  JHPLWWHOW XQG QLFKW QXU GLUHNW DXV GHP EHWUDJVJU—|WHQ )RXULHUNRHIIL]LHQWHQ
DEJHOHLWHW ZHUGHQ
’LHVH (UNHQQWQLVVH VROOHQ DXI GDV ,GHQWLILNDWLRQVSUREOHP  XQG  DQJHZDQGW
ZHUGHQ %LOG  ]HLJW ]ZHL DXI %DVLV YRQ JHPLWWHOWHU )UHTXHQ] I XQG $PSOLWXGH F








LQ $EKQJLJNHLW GHU 3DUDPHWHU $PSOLWXGH N6 XQG )UHTXHQ] W6 ’LH $XIVSDOWXQJ LQ
]ZHL .ULWHULHQ KDW GHQ 9RUWHLO GDVV EHLGH .ULWHULHQ LP :HVHQWOLFKHQ MHZHLOV QXU YRQ
HLQHP 3DUDPHWHU DEKQJHQ ’DPLW LVW HLQH 2SWLPLHUXQJ LQ ]ZHL 6WXIHQ P—JOLFK ,Q
HLQHP HUVWHQ 2SWLPLHUXQJVODXI ZLUG EHLVSLHOVZHLVH GLH )UHTXHQ] LGHQWLIL]LHUW LQ HLQHP
]ZHLWHQ 6FKULWW GLH $PSOLWXGH EHL IHVWJHKDOWHQHU )UHTXHQ] ’LHVHV 9RUJHKHQ IÚKUW LP
*HJHQVDW] ]XU ’HILQLWLRQ GHU $EZHLFKXQJ LP =HLWEHUHLFK  PLW UHFKQHUJHVWÚW]WHQ
2SWLPLHUXQJVYHUIDKUHQ RKQH ZHLWHUH 6FKZLHULJNHLWHQ DXI GLH JHVXFKWHQ 3DUDPHWHU
N6
  XQG W6
 W0
 6NDODUH 2SWLPLHUXQJVDOJRULWKPHQ
’LH LP YRUDQJHKHQGHQ $EVFKQLWW YRUJHVWHOOWHQ *ÚWHIXQNWLRQHQ OLHIHUQ :HUWH ]XU RE
MHNWLYHQ %HXUWHLOXQJ GHV ]X XQWHUVXFKHQGHQ G\QDPLVFKHQ 6\VWHPV ’DV 9HUKDOWHQ
GHV 6\VWHPV ZLUG PD|JHEOLFK YRQ GHQ WHFKQLVFKHQ 3DUDPHWHUQ ZLH ] % JHRPHWUL
VFKHQ XQG PDVVHQJHRPHWULVFKHQ *U—|HQ EHL PHFKDQLVFKHQ 6\VWHPHQ ’XUFKIOXVV
NHQQOLQLHQ XQG )OÚVVLJNHLWVHLJHQVFKDIWHQ EHL K\GUDXOLVFKHQ $QODJHQ VRZLH :LGHU
VWQGHQ XQG PDJQHWLVFKHQ )OXVVGLFKWHQ LQ GHU (OHNWURPHFKDQLN EHHLQIOXVVW (LQLJH
GLHVHU 3DUDPHWHU VLQG NRQVWUXNWLY YRUJHJHEHQ XQG N—QQHQ QLFKW YDULLHUW ZHUGHQ $Q
GHUH 3DUDPHWHU GÚUIHQ PHLVW LQQHUKDOE YRUJHJHEHQHU *UHQ]HQ YHUQGHUW ZHUGHQ XP
GDV G\QDPLVFKH 9HUKDOWHQ GHV 6\VWHPV ]X RSWLPLHUHQ )DVVW PDQ GLHVH *U—|HQ LP
9HNWRU SX 2K GHU (QWZXUIVYDULDEOHQ ]XVDPPHQ GDQQ LVW EHL GHU VNDODUHQ 2SWLPLH
UXQJ GHUMHQLJH (QWZXUIVSXQNW JHVXFKW GHU HLQH JHJHEHQH *ÚWHIXQNWLRQI S XQWHU
%HUÚFNVLFKWLJXQJ YRQ *OHLFKXQJVQHEHQEHGLQJXQJHQ JS
  XQG 8QJOHLFKXQJV
QHEHQEHGLQJXQJHQ KS$ PLQLPLHUW ’DEHL FKDUDNWHULVLHUW PDQ 2SWLPLHUXQJVSUR
EOHPH DQKDQG GHU $EKQJLJNHLW GHU *ÚWHIXQNWLRQ XQG GHU 1HEHQEHGLQJXQJHQ YRQ
GHQ (QWZXUIVSDUDPHWHUQ 7DEHOOH 
  2SWLPLHUXQJ
%LOG  *WHIXQNWLRQHQ ]XU %HVWLPPXQJ YRQ 6FKZLQJXQJVIUHTXHQ] XQG DPSOLWXGH


































7DEHOOH  (LQWHLOXQJ GHU 2SWLPLHUXQJVSUREOHPH PLW 1HEHQEHGLQJXQJHQ %(67/( >@
2SWLPLHUXQJVSUREOHP *ÚWHIXQNWLRQ 1HEHQEHGLQJXQJHQ
/LQHDUH 3URJUDPPLHUXQJ OLQHDU OLQHDU
4XDGUDWLVFKH 3URJUDPPLHUXQJ TXDGUDWLVFK OLQHDU
1LFKWOLQHDUH 2SWLPLHUXQJ PLW
OLQHDUHQ 1HEHQEHGLQJXQJHQ DOOJHPHLQ QLFKWOLQHDU OLQHDU
1LFKWOLQHDUH 2SWLPLHUXQJ DOOJHPHLQ QLFKWOLQHDU DOOJHPHLQ QLFKWOLQHDU
:KUHQG VLFK GLH 3UREOHPH GHU /LQHDUHQ XQG 4XDGUDWLVFKHQ 3URJUDPPLHUXQJ H[DNW
O—VHQ ODVVHQ N—QQHQ DOOJHPHLQ QLFKWOLQHDUH *ÚWHIXQNWLRQHQ QXU QKHUXQJVZHLVH PL
QLPLHUW ZHUGHQ ’LH $QZHQGXQJ GHU LQ $EVFKQLWW  ]XVDPPHQJHVWHOOWHQ *ÚWHIXQN
WLRQHQ DXI DOOJHPHLQH G\QDPLVFKH 6\VWHPH IÚKUW DXI VROFKH QLFKWOLQHDUHQ 2SWLPLH
UXQJVSUREOHPH GLH LP IROJHQGHQ EHWUDFKWHW ZHUGHQ 0DWKHPDWLVFK ODVVHQ VLFK GLHVH





 ”SX 2K _ JS
   KS$   SX$ S$ SR 
J  2K@ 2O  K  2K@ 2P‰  
GHVVHQ /—VXQJ S DOV 0LQLPLHUHU GHU ]XJHK—ULJH *ÚWHIXQNWLRQVZHUW I S DOV 0LQL
PXP EH]HLFKQHW ZLUG ’XUFK GLH VNDODUH *ÚWHIXQNWLRQ I S LVW HLQH VWUHQJH 2UGQXQJ
DOOHU ]XOVVLJHQ 3DUDPHWHUYHNWRUHQ SX I IHVWJHOHJW )ÚU ]ZHL (QWZÚUIH S XQG S
ODXWHW GLH 2UGQXQJVVWUXNWXU
S EHVVHU DOV S H I ˘SÉ  I ˘SÉ 
S JOHLFK JXW ZLH S H I ˘SÉ 
 I ˘SÉ 
S VFKOHFKWHU DOV S H I ˘SÉ  I ˘SÉ  
6RPLW VLQG DOOH (QWZXUIVSXQNWH PLWHLQDQGHU YHUJOHLFKEDU MHGRFK LVW ZHGHU GLH ([LV
WHQ] QRFK GLH (LQGHXWLJNHLW GHU /—VXQJ YRQ  JHZKUOHLVWHW %(67/( >@ 3UR
EOHPH UHVXOWLHUHQ DXV *ÚWHIXQNWLRQHQ PLW XQEHVFKUQNWHP RGHU QLFKW HLQGHXWLJHP
0LQLPLHUHU
=XVW]OLFKH 6FKZLHULJNHLWHQ EHL GHU UHFKQHUJHVWÚW]WHQ /—VXQJ YRQ 2SWLPLHUXQJVDXI
JDEHQ WUHWHQ EHL GHU ([LVWHQ] ORNDOHU 0LQLPLHUHU DXI ,P *HJHQVDW] ]XP JOREDOHQ
RGHU DEVROXWHP 0LQLPLHUHU S PLW
  2SWLPLHUXQJ
I  S$ I  S Œ SX I 
LVW GHU ORNDOH 0LQLPLHUHU S DOV EHVWHU ]XOVVLJHU (QWZXUI HLQHU RIIHQHQ 8PJHEXQJ
N5 2K XP S GHILQLHUW
I  S$ I  S Œ SXN _ I  
$OJRULWKPHQ GLH DXI LWHUDWLYHQ 6XFKVWUDWHJLHQ EHUXKHQ ILQGHQ DXVJHKHQG YRP $Q
IDQJVHQWZXUI LQ GHU 5HJHO GHQ QFKVWJHOHJHQHQ ORNDOHQ 0LQLPLHUHU ’XUFK PHKUHUH
2SWLPLHUXQJVOXIH PLW XQWHUVFKLHGOLFKHQ 6WDUWHQWZÚUIHQ YHUVXFKW PDQ LQ VROFKHQ )O
OHQ VLFKHU]XVWHOOHQ GDVV GHU DEVROXWH 0LQLPLHUHU LQ GHU 0HQJH GHU JHIXQGHQHQ 0LQL
PLHUHU HQWKDOWHQ LVW (LQH $OWHUQDWLYH ]X GHQ NRQYHQWLRQHOOHQ 2SWLPLHUXQJVDOJRULWK
PHQ ELOGHQ 9HUIDKUHQ RKQH RGHU PLW ]XIOOLJHU 6XFKULFKWXQJ ’D]X ]KOHQ EHLVSLHOV
ZHLVH *HQHWLVFKH $OJRULWKPHQ +2//$1' >@ 7DEX 6HDUFK +$16(1 >@ XQG 6LPXOD
WHG $QQHDOLQJ 9HUIDKUHQ 75$1 >@ ’HP 9RUWHLO GHU 8QHPSILQGOLFKNHLW JHJHQÚEHU GHU
([LVWHQ] ORNDOHU 0LQLPD VWHKHQ MHGRFK LQHIIHNWLY YLHOH )XQNWLRQVDXVZHUWXQJHQ EHL YLH
OHQ (QWZXUIVYDULDEOHQ JHJHQÚEHU 3+$0 81' .$5$%2*$ >@
2SWLPLHUXQJVDOJRULWKPHQ ODVVHQ VLFK EH]ÚJOLFK LKUHU 9HUIDKUHQV XQG 0RGHOORUGQXQJ
NODVVLIL]LHUHQ ’LH 9HUIDKUHQVRUGQXQJ JLEW DQ ZHOFKH ,QIRUPDWLRQ ÚEHU GLH *ÚWHIXQN
WLRQ ]XU 9HUIÚJXQJ JHVWHOOW ZHUGHQ PXVV ,Q MHGHP )DOO LVW GLHV GHU )XQNWLRQVZHUW
]XVW]OLFK N—QQHQ DXFK *UDGLHQW XQG VRJDU GLH +HVVH0DWUL[ JHIRUGHUW ZHUGHQ ’LH
0RGHOORUGQXQJ VSLHJHOW GLH LP $OJRULWKPXV YHUZHQGHWH $SSUR[LPDWLRQ GHU *ÚWHIXQN
WLRQ ZLHGHU :KUHQG HLQIDFKH 9HUIDKUHQ Y—OOLJ RKQH 0RGHOO DXVNRPPHQ JLEW HV OL
QHDUH XQG TXDGUDWLVFKH $QVW]H RGHU $SSUR[LPDWLRQHQ GXUFK +\SHUEHOIXQNWLRQHQ
’LH SULQ]LSLHOOH 9RUJHKHQVZHLVH GHU PRGHOOEDVLHUHQGHQ 9HUIDKUHQ LVW LQ %LOG  GDU
JHVWHOOW ,Q GHU 5HJHO ]HLJHQ PRGHOOEDVLHUHQGH 9HUIDKUHQ HLQ EHVVHUHV .RQYHUJHQ]
YHUKDOWHQ DOV $OJRULWKPHQ GLH NHLQH $QVDW]IXQNWLRQHQ YHUZHQGHQ 9RUDXVVHW]XQJ IÚU
GLH %HUHFKQXQJ YRQ *UDGLHQWHQ LVW GLH ([LVWHQ] GHU EHQ—WLJWHQ $EOHLWXQJ GLH .ULWH
ULHQ PÚVVHQ JHQÚJHQG RIW VWHWLJ GLIIHUHQ]LHUEDU VHLQ
,P *HJHQVDW] ]XU XQUHVWULQJLHUWHQ 2SWLPLHUXQJ IÚKUW GLH %HUÚFNVLFKWLJXQJ YRQ 1H
EHQEHGLQJXQJHQ VRZRKO EHL GHQ WKHRUHWLVFKHQ *UXQGODJHQ DOV DXFK EHL GHU DOJRULWK
PLVFKHQ 8PVHW]XQJ ]X ZHVHQWOLFK XPIDQJUHLFKHUHQ *OHLFKXQJHQ XQG NRPSOH[HUHQ
9HUIDKUHQ (LQH 2SWLPLHUXQJ RKQH 1HEHQEHGLQJXQJHQ WULWW EHL WHFKQLVFKHQ $QZHQ
GXQJHQ QXU VHOWHQ DXI ,Q GHU 5HJHO VLQG YRUJHJHEHQH 1HEHQEHGLQJXQJHQ ]X HUIÚO
OHQ XP GLH SK\VLNDOLVFKH ,QWHUSUHWLHUEDUNHLW RGHU WHFKQLVFKH 5HDOLVLHUEDUNHLW GHU RSWL
PDOHQ /—VXQJ ]X VLFKHUQ
6ROO IÚU GLH 2SWLPLHUXQJ HLQ $OJRULWKPXV YHUZHQGHW ZHUGHQ GHU NHLQH 1HEHQEHGLQ
JXQJHQ EHUÚFNVLFKWLJW VR N—QQHQ GLH 1HEHQEHGLQJXQJHQ PLW +LOIH YRQ 6WUDIIXQNWLR
QHQ LQ HLQH (UVDW]*ÚWHIXQNWLRQ
 2SWLPLHUXQJ





6WDUWHQWZXUI S ,WHUDWLRQVLQGH[ O
 
%HUHFKQXQJ YRQ IO JO KO
XQG MH QDFK 9HUIDKUHQVRUGQXQJ …IO …JO …KO
…IO …JO …KO
$SSUR[LPDWLRQ GHV 3UREOHPV GXUFK 7HLOSUREOHP
PLW H[SOL]LWHQ $QVDW]IXQNWLRQHQ




 I S U TS  U   
HLQJHDUEHLWHW ZHUGHQ EHL GHU GLH XUVSUÚQJOLFKH *ÚWHIXQNWLRQ I S GXUFK HLQHQ 6WUDI
WHUP HUJQ]W ZLUG GHU VLFK DXV HLQHP %HZHUWXQJVIDNWRU U XQG HLQHU 6WUDIIXQNWLRQ
TS EHL 9HUOHW]XQJ GHU 1HEHQEHGLQJXQJHQ ]XVDPPHQVHW]W
’LH )RUP GHU 6WUDIIXQNWLRQ KQJW YRQ GHU $UW GHU 1HEHQEHGLQJXQJ DE XQG LVW LQ GHU
/LWHUDWXU QLFKW HLQKHLWOLFK =XU %HZHUWXQJ YRQ *OHLFKXQJVQHEHQEHGLQJXQJHQ HLJQHW



















6FKZLHULJ JHVWDOWHW VLFK EHL GLHVHP 9RUJHKHQ GLH :DKO GHV %HZHUWXQJVIDNWRUVU %HL
NOHLQHQ :HUWHQ ZHUGHQ GLH 1HEHQEHGLQJXQJHQ LQ GHU (UVDW]*ÚWHIXQNWLRQ QLFKW DXV
UHLFKHQG EHUÚFNVLFKWLJW VR GDVV GHU GDPLW HUPLWWHOWH 0LQLPLHUHU NHLQ ]XOVVLJHU (QW
  2SWLPLHUXQJ
ZXUI GHV XUVSUÚQJOLFKHQ 3UREOHPV  LVW ’XUFK GLH :DKO JUR|HU %HZHUWXQJVIDNWR
UHQ OVVW VLFK ]ZDU HUUHLFKHQ GDVV GHU 0LQLPLHUHU GHU (UVDW]*ÚWHIXQNWLRQ GLH 1HEHQ
EHGLQJXQJHQ KLQUHLFKHQG JHQDX HUIÚOOW MHGRFK LVW GLHV PLW HLQHU 9HUVFKOHFKWHUXQJ GHU
.RQGLWLRQ GHV 3UREOHPV YHUEXQGHQ )/(7&+(5 >@ 8P GLHVHV 3UREOHP ]X XPJHKHQ
ZLUG EHL GHU 6HTXHQWLDO 8QFRQVWUDLQHG 0LQLPL]DWLRQ 7HFKQLTXH 6807 GLH 2SWLPLH
UXQJ LQ PHKUHUHQ 6WXIHQ PLW ZDFKVHQGHQ %HZHUWXQJVIDNWRUHQ GXUFKJHIÚKUW $XVJH
KHQG YRQ HLQHP $QIDQJVHQWZXUI ZLUG GLH (UVDW]*ÚWHIXQNWLRQ IÚU HLQHQ JHHLJQHW IHVW
JHOHJWHQ %HZHUWXQJVIDNWRU PLQLPLHUW ’HU VR JHIXQGHQH (QWZXUI ZLUG GLH 1HEHQEH
GLQJXQJHQ LQ GHU 5HJHO QRFK QLFKW EHIULHGLJHQG HUIÚOOHQ VR GDVV HLQH ZHLWHUH 2SWL
PLHUXQJ PLW HUK—KWHP %HZHUWXQJVIDNWRU GXUFKJHIÚKUW ZLUG EHL ZHOFKHU GHU LP YRU
KHUJHKHQGHQ 6FKULWW JHIXQGHQH (QWZXUI DOV 6WDUWZHUW GLHQW ’DV EHVFKULHEHQH 9RUJH
KHQ ZLUG PLW ZDFKVHQGHQ %HZHUWXQJVIDNWRUHQ VR ODQJH ZLHGHUKROW ELV GLH 1HEHQEH
GLQJXQJHQ JHQÚJHQG JHQDX HLQJHKDOWHQ ZHUGHQ
’LHVHV GRSSHOLWHUDWLYH 9RUJHKHQ HQWIOOW EHL GHU 9HUZHQGXQJ YRQ $OJRULWKPHQ GLH
1HEHQEHGLQJXQJHQ H[SOL]LW EHUÚFNVLFKWLJHQ ,P )DOO YRQ 8QJOHLFKXQJVQHEHQEHGLQ
JXQJHQ NDQQ GLHV HLQIDFK GXUFK $EOHKQHQ XQ]XOVVLJHU (QWZÚUIH UHDOLVLHUW ZHUGHQ
%2; >@ )ÚU PRGHOOEDVLHUHQGH 2SWLPLHUXQJVYHUIDKUHQ ELHWHW VLFK GLH (LQDUEHLWXQJ
YRQ DQDO\WLVFKHQ 2SWLPLHUXQJVEHGLQJXQJHQ IÚU HLQHQ 0LQLPLHUHU DQ ’LH QRWZHQGL






















   M
 P  
)ÚU HLQHQ ]XOVVLJHQ ORNDOHQ 0LQLPLHUHU S H[LVWLHUHQ GHPQDFK /DJUDQJH 0XOWLSOLND
WRUHQ M XQG N ZHOFKH GLH )RUGHUXQJHQ  HUIÚOOHQ 0LW (LQIÚKUXQJ GHU /DJUDQJH
)XQNWLRQ









NM KMS  









N$   NM KMS
   M
 P  
 2SWLPLHUXQJ
DXVGUÚFNHQ 2SWLPLHUXQJVDOJRULWKPHQ ZLH GDV 6439HUIDKUHQ ZHOFKH 1HEHQEHGLQ
JXQJHQ H[SOL]LW EHUÚFNVLFKWLJHQ QGHUQ (QWZXUIVSDUDPHWHU XQG /DJUDQJH 0XOWLSOLND
WRUHQ LQ MHGHP ,WHUDWLRQVVFKULWW ’LH YHUEHVVHUWHQ 6FKW]ZHUWH GHU /DJUDQJH 0XOWLSOL
NDWRUHQ IOLH|HQ GDQQ LQ GLH %HUHFKQXQJ HLQHU JHHLJQHWHQ 6XFKULFKWXQJ IÚU GLH (QW
ZXUIVYDULDEOHQ HLQ ZDV ]X HLQHU UDVFKHQ .RQYHUJHQ] LQ GHU 1KH GHV 2SWLPXPV
IÚKUW
)ÚU GHQ (LQVDW] LQ HLQHU DOOJHPHLQHQ 2SWLPLHUXQJVVRIWZDUH ]XU /—VXQJ GHU YRUOLHJHQ
GHQ 3UREOHPVWHOOXQJ ZHUGHQ GUHL $OJRULWKPHQ DXVJHZKOW ’LH 6LPSOH[0HWKRGH ELH
WHW GHQ 9RUWHLO GHU HLQIDFKHQ $QZHQGEDUNHLW ZHLO NHLQH *UDGLHQWHQLQIRUPDWLRQHQ EH
Q—WLJW ZHUGHQ ’HU (LQVDW] GHU 0HWKRGH GHU PRGLIL]LHUWHQ $V\PSWRWHQ XQG GHU VH
TXHQWLHOOHQ TXDGUDWLVFKHQ 2SWLPLHUXQJ LVW GLHVEH]ÚJOLFK DXIZHQGLJHU GLH 9HUIDKUHQ
KDEHQ VLFK DEHU DXI *UXQG LKUHU (IIL]LHQ] LP %HUHLFK GHU 6WUXNWXUPHFKDQLN XQG EHL
DOOJHPHLQHQ 2SWLPLHUXQJVSUREOHPHQ EHZKUW
 6LPSOH[0HWKRGH
’LH  YRQ 1(/'(5 81'0($' >@ YHU—IIHQWOLFKWH 6LPSOH[0HWKRGH GLHQW GHU /—VXQJ
QLFKWOLQHDUHU 2SWLPLHUXQJVSUREOHPH RKQH 1HEHQEHGLQJXQJHQ %HL GHP $OJRULWKPXV
KDQGHOW HV VLFK XP HLQH 0HWKRGH GHU 9HUIDKUHQVRUGQXQJ  GHU $QZHQGHU PXVV DOVR
QXU HLQH 6FKQLWWVWHOOH ]XU %HUHFKQXQJ GHU *ÚWHIXQNWLRQVZHUWH EHUHLWVWHOOHQ ’LHVH HLQ
IDFKH $QZHQGEDUNHLW VRZLH GHU OHLFKW ]X HUNOUHQGH XQG SURJUDPPLHUEDUH $XIEDX
GHV 9HUIDKUHQV KDW ]X HLQHU ZHLWHQ 9HUEUHLWXQJ JHIÚKUW ’HU 1HOGHU0HDG $OJRULWKPXV
GDUI MHGRFK QLFKW PLW GHP 6LPSOH[$OJRULWKPXV IÚU OLQHDUH 2SWLPLHUXQJVSUREOHPH PLW
1HEHQEHGLQJXQJHQ YHUZHFKVHOW ZHUGHQ
$XVJDQJVSXQNW GHV 9HUIDKUHQV LVW HLQ 6WDUWVLPSOH[ LP KGLPHQVLRQDOHQ (QWZXUIV
UDXP HLQ 3RO\HGHU PLW K  (FNSXQNWHQ S
N
 N






É ] % LQ GHU (EHQH HLQ ’UHLHFN LP 5DXP HLQ 7HWUDHGHU ,Q MH
GHP ,WHUDWLRQVVFKULWW ZHUGHQ HLQ RGHU PHKUHUH QHXH (QWZXUIVSXQNWH HU]HXJW XQG GLH
]XJHK—ULJHQ *ÚWHIXQNWLRQVZHUWH EHUHFKQHW ,Q $EKQJLJNHLW GLHVHU (UJHEQLVVH Q
GHUW VLFK LP /DXI GHU ,WHUDWLRQ *U—|H XQG /DJH GHV 6LPSOH[ LP 3DUDPHWHUUDXP GXUFK
GLH 2SHUDWLRQHQ 5HIOH[LRQ ([SDQVLRQ XQG .RQWUDNWLRQ %LOG  ’LH ,WHUDWLRQ ZLUG HU
IROJUHLFK DEJHEURFKHQ VREDOG GDV 6LPSOH[ DXI HLQH YRUJHJHEHQH *U—|H JH
VFKUXPSIW LVW XQG GLH ]XJHK—ULJHQ *ÚWHIXQNWLRQVZHUWH LQQHUKDOE HLQHV YRUJHJHEHQHQ
7ROHUDQ]EDQGHV OLHJHQ
%HL GHU 6LPSOH[0HWKRGH ZHUGHQ ZHGHU *UDGLHQWHQLQIRUPDWLRQHQ DXVJHZHUWHW QRFK
$SSUR[LPDWLRQVPRGHOOH IÚU GLH .ULWHULHQ YHUZHQGHW ZHVKDOE HLQH ’LIIHUHQ]LHUEDUNHLW
GHU .ULWHULHQ NHLQH 9RUDXVVHW]XQJ IÚU GLH $QZHQGEDUNHLW GHV 9HUIDKUHQV LVW :HUGHQ
  2SWLPLHUXQJ
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SF I 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KRKH *HQDXLJNHLWVDQIRUGHUXQJHQ IÚU GLH JHVXFKWH /—VXQJ GHV 2SWLPLHUXQJVSUR
EOHPV JHVWHOOW VR VLQG LQ GHU 5HJHO VHKU YLHOH )XQNWLRQVDXVZHUWXQJHQ Q—WLJ $QGHUHU
VHLWV ZHLVW GLH $QZHQGXQJ GHV 9HUIDKUHQV DXI YLHOH 3UREOHPH HLQH VLJQLILNDQWH 5H
 2SWLPLHUXQJ
GXNWLRQ GHV *ÚWHNULWHULHQZHUWHV LQ GHQ HUVWHQ ,WHUDWLRQVVFKULWWHQ DXI /$*$5,$6 (7
$/ >@ ’HVKDOE LVW GLH 6LPSOH[0HWKRGH JHUDGH DXI YLHOH WHFKQLVFKH 2SWLPLHUXQJV
SUREOHPH DQZHQGEDU EHL GHQHQ NHLQ H[DNWHU 0LQLPLHUHU JHVXFKW ZLUG VRQGHUQ HLQ
YHUEHVVHUWHU (QWZXUI DXVUHLFKHQG LVW
’LH KLHU EHVFKULHEHQH 6LPSOH[0HWKRGH VLHKW NHLQH %HUÚFNVLFKWLJXQJ YRQ 1HEHQEH
GLQJXQJHQ YRU )ÚU GLH /—VXQJ UHVWULQJLHUWHU 2SWLPLHUXQJVSUREOHPH N—QQWH HLQH (U
VDW]*ÚWHIXQNWLRQ QDFK *OHLFKXQJ  YHUZHQGHW ZHUGHQ GLH MHGRFK LQ PDQFKHQ
)OOHQ LP 9HUODXI GHU 2SWLPLHUXQJ ]X HLQHP VLQJXOUHQ 6LPSOH[ IÚKUW %HVVHU JHHLJQHW
LVW GHU DXV GHU 6LPSOH[0HWKRGH DEJHOHLWHWH &RPSOH[$OJRULWKPXV YRQ %2; >@ GHU
GLH %HUÚFNVLFKWLJXQJ YRQ 8QJOHLFKXQJVQHEHQEHGLQJXQJHQ HUODXEW 1LFKW ]XOVVLJH
(QWZÚUIH ZHUGHQ YRQ GLHVHP 9HUIDKUHQ DEJHOHKQW XQG GDV 3UREOHP GHU 6LQJXODULWW
GHV 6LPSOH[ GXUFK 9HUZHQGXQJ HLQHV K—KHUGLPHQVLRQDOHQ 6LPSOH[ YHUPLHGHQ
 0HWKRGH GHU PRGLIL]LHUWHQ $V\PSWRWHQ








˘EMTM  FMTM É 
KS UD T$  
SX$ S$ SR 
T  
U  
EHLQKDOWHW ]XVW]OLFK ]X GHQ EHQXW]HUGHILQLHUWHQ (QWZXUIVSDUDPHWHUQS ZHLWHUH 3DUD
PHWHU T XQG U ]XU %HUÚFNVLFKWLJXQJ YHUOHW]WHU 1HEHQEHGLQJXQJHQ ’LH .RHIIL]LHQWHQ
D E XQG F VLQG GDEHL QLFKWQHJDWLYH YRP %HQXW]HU LQ $EKQJLJNHLW GHV YRUOLHJHQGHQ
2SWLPLHUXQJVSUREOHPV ]X ZKOHQGH .RQVWDQWHQ
’XUFK HQWVSUHFKHQGH :DKO GHU .RHIIL]LHQWHQ OVVW VLFK GLH DOOJHPHLQH )RUPXOLHUXQJ
DQ YLHOH 3UREOHPVWHOOXQJHQ DQSDVVHQ ZLH ] % /HDVW 6TXDUHV 3UREOHPH RGHU 0LQ
0D[3UREOHPH 69$1%(5* >@ )ÚU GDV 6WDQGDUGSUREOHP  RKQH *OHLFKXQJVQH
EHQEHGLQJXQJHQ O
  VROOWHQ GLH .RHIIL]LHQWHQ D
  F
  XQG E DQJHPHVVHQ
JUR| JHZKOW ZHUGHQ ’DGXUFK ZHUGHQ GLH 7HUPHEMTM ]XU 6WUDIIXQNWLRQ XQG IÚU GHQ
0LQLPLHUHU YRQ  JLOW RIIHQVLFKWOLFKU
  ’LH :HUWH GHU ]XVW]OLFKHQ (QWZXUIVSD
UDPHWHU T KQJHQ YRQ GHU :DKO GHU 6WUDINRHIIL]LHQWHQ E DE ZLH HLQ 9HUJOHLFK GHU
.XKQ7XFNHU.DUXVK %HGLQJXQJHQ ]ZLVFKHQ GHP 6WDQGDUGSUREOHP  XQG GHU
DOOJHPHLQHQ )RUPXOLHUXQJ  ]HLJW )ÚU GDV 2SWLPLHUXQJVSUREOHPPLQ
S
I S PLW


















   M
 P  
IÚU GLH DOOJHPHLQHUH )RUPXOLHUXQJ PLQ
ST
I S E7T PLW GHQ 1HEHQEHGLQJXQJHQ
KS T$  XQG T  XQWHU GHU 9RUDXVVHW]XQJ GDVV GLH 3DUDPHWHUVFKUDQNHQ LQ













K T$  










   M
 P  
)DOOV GLH .RHIIL]LHQWHQ E N JHZKOW ZHUGHQ H[LVWLHUHQ N
 N XQG
N  VR GDVV GLH 1HEHQEHGLQJXQJHQ T  DNWLY VLQG ’LH ]XVW]OLFKHQ (QW
ZXUIVSDUDPHWHU YHUVFKZLQGHQ T
  XQG GLH /—VXQJ YRQ  VWLPPW PLW 
ÚEHUHLQ $QGHUQIDOOV HUK—KHQ GLH 6WUDIWHUPHE7T GHQ :HUW GHU *ÚWHIXQNWLRQ QLFKW DXV
UHLFKHQG XQG HV JLOW N
  XQG VRPLW T  VR GDVV GLH XUVSUÚQJOLFKHQ 1HEHQEH
GLQJXQJHQ K$  YHUOHW]W VLQG XQG GLH /—VXQJHQ QLFKW ÚEHUHLQVWLPPHQ ’HQQRFK
VROOWHQ DXV QXPHULVFKHQ *UÚQGHQ GLH :HUWH GHU 6WUDINRHIIL]LHQWHQE QLFKW XQYHUKOW
QLVP|LJ JUR| DQJHVHW]W ZHUGHQ 69$1%(5* >@ HPSILHKOW HLQH HUVWH 2SWLPLHUXQJ PLW
EM
  GXUFK]XIÚKUHQ XQG LWHUDWLY XP GHQ )DNWRU  ]X YHUJU—|HUQ VRODQJH
T  LVW
’LH 3UREOHPIRUPXOLHUXQJ  LVW *UXQGODJH GHU 
0HWKRG RI 0RYLQJ $V\PSWRWHV

00$ HLQHP PRGHOOEDVLHUHQGHQ 9HUIDKUHQ ,Q MHGHP ,WHUDWLRQVVFKULWW GHV 2SWLPLH
UXQJVSUR]HVVHV ZHUGHQ GLH .ULWHULHQ KLHUEHL GXUFK +\SHUEHOQ DSSUR[LPLHUW XQG GDV
GDUDXV UHVXOWLHUHQGH 7HLOSUREOHP JHO—VW %HVFKUQNW PDQ VLFK ]XQFKVW DXI HLQH








 S XO  
$V\PSWRWHQ GHU 1KHUXQJVIXQNWLRQ VLQG S
 XO XQG I
aO










,P DNWXHOOHQ ,WHUDWLRQVSXQNW SO VROOHQ )XQNWLRQVZHUW XQG *UDGLHQW GHU $SSUR[LPD
WLRQ I
aO























’DPLW VWHKHQ  *OHLFKXQJHQ IÚU GLH (UPLWWOXQJ YRQN XQG N ]XU 9HUIÚJXQJ XQG PDQ










…I ˘SOÉ  
ZREHL DXV 6\PPHWULHJUÚQGHQ GHU %UXFK GHV ]ZHLWHQ 6XPPDQGHQ QLFKW JHNÚU]W







 S RO 
%LOG  $SSUR[LPDWLRQ PLW +\SHUEHODQVlW]HQ


























































































PLW XO S RO  
’LH (UZHLWHUXQJ DXI K—KHUGLPHQVLRQDOH (QWZXUIVUXPH HUIROJW GXUFK JHWUHQQWH +\
SHUEHODQVW]H LQ GHQ HLQ]HOQHQ (QWZXUIVYDULDEOHQ XQG $XIVXPPLHUXQJ 8P LQ GHU
3UREOHPVWHOOXQJ  EHL (UVHW]HQ VRZRKO GHU *ÚWHIXQNWLRQ DOV DXFK GHU 1HEHQEH
GLQJXQJVIXQNWLRQHQ HLQH NRPSDNWH ’DUVWHOOXQJ ]X HUUHLFKHQ ZKOW PDQ IROJHQGH $E
NÚU]XQJHQ
I 
 I  IM 
 KM PLW M
 P 










M ’DPLW HUJLEW VLFK IRO














S UD T$  







































































































’LH JHJHQÚEHU  JHQGHUWH )HVWOHJXQJ GHU 3DUDPHWHUJUHQ]HQ VROO GHQ $OJRULWK








 PLQ”SRL  ROL   ˘ROL  SOL É‰  
%LOG  6RPLW KQJW GDV 7HLOSUREOHP LP :HVHQWOLFKHQ YRQ GHQ *UDGLHQWHQ GHV PR





DXFK YRQ YRUDQJHJDQJHQHQ ,WHUDWLRQHQ )ÚU GLH HUVWHQ EHLGHQ ,WHUDWLRQVVFKULWWH ZKOW








































































































’LH /—VXQJ GHV 7HLOSUREOHPV  LVW VHOEVW LWHUDWLY XQG HUIROJW PLW HLQHP 1HZWRQ
9HUIDKUHQ DXI %DVLV HLQHV *OHLFKXQJVV\VWHPV GDV PDQ GXUFK $XIVWHOOHQ GHU .XKQ
7XFNHU.DUXVK %HGLQJXQJHQ GHV 7HLOSUREOHPV HUKOW 69$1%(5* >@
’LH 00$ ]HLJW VHKU JXWH .RQYHUJHQ] EHL *ÚWHIXQNWLRQHQ GLH SURSRUWLRQDO ]XP .HKU
ZHUW GHU (QWZXUIVSDUDPHWHU VLQG ’LHV JLOW IÚU YLHOH 3UREOHPH LQ GHU 6WUXNWXUPHFKDQLN
EHL GHQHQ *HZLFKWVRSWLPLHUXQJHQ XQWHU (LQKDOWXQJ PD[LPDOHU 6SDQQXQJHQ RGHU
9HUIRUPXQJHQ GXUFK 9HUQGHUQ GHU %DXWHLOJHRPHWULH GXUFKJHIÚKUW ZHUGHQ (LQH 9HU
DOOJHPHLQHUXQJ GHU 00$ ]XU %HUÚFNVLFKWLJXQJ YRQ *OHLFKXQJVQHEHQEHGLQJXQJHQ
LVW HEHQIDOOV P—JOLFK =+$1* (7 $/ >@
 6HTXHQWLHOOH TXDGUDWLVFKH 3URJUDPPLHUXQJ
%HL GHU VHTXHQWLHOOHQ TXDGUDWLVFKHQ 3URJUDPPLHUXQJ GLH DXFK XQWHU DQGHUHQ 1D
PHQ ZLH /DJUDQJH1HZWRQ9HUIDKUHQ RGHU 9DULDEOH0HWULN 0HWKRGH EHNDQQW LVW ZHU
GHQ GLH .ULWHULHQ GXUFK TXDGUDWLVFKH $QVDW]IXQNWLRQHQ DQJHQKHUW ’DGXUFK ZHUGHQ
QLFKW QXU *UDGLHQWHQLQIRUPDWLRQHQ VRQGHUQ DXFK .UÚPPXQJVHLJHQVFKDIWHQ GHU *Ú
WHIXQNWLRQ XQG 1HEHQEHGLQJXQJHQ EHUÚFNVLFKWLJW
(LQ ORNDOHU 0LQLPLHUHU HUIÚOOW GLH .XKQ7XFNHU.DUXVK %HGLQJXQJHQ  GLH QXU
*UDGLHQWHQLQIRUPDWLRQHQ YRQ *ÚWHIXQNWLRQ XQG 1HEHQEHGLQJXQJHQ HQWKOW )ÚU GLH
)RUPXOLHUXQJ ZHLWHUHU %HGLQJXQJHQ PXVV GLH .UÚPPXQJ GHU *ÚWHIXQNWLRQ DOV DXFK
GHU 1HEHQEHGLQJXQJHQ EHUÚFNVLFKWLJW ZHUGHQ %HVFKUQNW PDQ VLFK DXI GLH %HWUDFK
WXQJ YRQ *OHLFKXQJVQHEHQEHGLQJXQJHQ VR JLOW IÚU 3DUDPHWHUYDULDWLRQHQES XP HL
QHQ ORNDOHQ 0LQLPLHUHU S
/˘S ES MÉ 
 I ˘S ESÉ M7J˘S ESÉ
 I ˘S ESÉ 
 2SWLPLHUXQJ
ZHQQ J˘S ESÉ YHUVFKZLQGHW GLH 3DUDPHWHUYDULDWLRQ ES DOVR GLH 1HEHQEHGLQJXQJ
HUIÚOOW XQG GDPLW ]XOVVLJ LVW ’LH *ÚWHIXQNWLRQ LVW GDQQ IÚU ]XOVVLJH 3DUDPHWHUYDULD
WLRQHQ PLW GHU /DJUDQJH )XQNWLRQ LGHQWLVFK XQG PDQ NDQQ GLH HQWVSUHFKHQGHQ 7D\ORU
UHLKHQ JOHLFKVHW]HQ











8QWHU %HUÚFNVLFKWLJXQJ YRQ /˘S MÉ  I ˘SÉ XQG GHQ .XKQ7XFNHU.DUXVK %HGLQ










I ˘S ESÉ 
 I ˘SÉ 

ES7:ES ööö 
’LH %HGLQJXQJ IÚU HLQHQ 0LQLPLHUHU YHUODQJW GDVV GLH +HVVH0DWUL[: GHU /DJUDQJH
)XQNWLRQ IÚU DOOH ]XOVVLJHQ 3DUDPHWHUYDULDWLRQHQ SRVLWLY GHILQLW LVW
ES7:ES  Œ ES  ES7…JL 
   L
 O 
’LH IÚU *OHLFKXQJVQHEHQEHGLQJXQJHQ JHOWHQGHQ %H]LHKXQJHQ ODVVHQ VLFK DXI 8Q

















GLH ]XVW]OLFK ]X GHQ %HGLQJXQJHQ  2UGQXQJ  ]X HUIÚOOHQGHQ %HGLQJXQJHQ
 2UGQXQJ
ES7:ES  Œ ESX @ 
PLW GHQ ]XOVVLJHQ 3DUDPHWHUYDULDWLRQHQ
@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M  
ES7…KM $  Œ M  K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




























IRUPXOLHUW ZHUGHQ ’LH /—VXQJ GLHVHV 7HLOSUREOHPV LVW PLW GHU /—VXQJ GHU OLQHDULVLHU
WHQ .XKQ7XFNHU.DUXVK %HGLQJXQJHQ GHV QLFKWOLQHDUHQ 2SWLPLHUXQJVSUREOHPV
 LGHQWLVFK %(67/( >@
’DV TXDGUDWLVFKH 2SWLPLHUXQJVSUREOHP  PLW OLQHDUHQ 1HEHQEHGLQJXQJHQ NDQQ
H[DNW JHO—VW ZHUGHQ ’DEHL ILQGHQ VRJHQDQQWH 
DFWLYH VHW
 0HWKRGHQ $QZHQGXQJ GLH
DNWLYH 8QJOHLFKXQJVQHEHQEHGLQJXQJHQ ZLH *OHLFKXQJVQHEHQEHGLQJXQJHQ EHKDQ
GHOQ XQG LQDNWLYH 8QJOHLFKXQJHQ XQEHUÚFNVLFKWLJW ODVVHQ ’LH /—VXQJ GHV 7HLOSUR
EOHPV PXVV DXI *UXQG GHU 1LFKWOLQHDULWW YRQ *ÚWHIXQNWLRQ XQG 1HEHQEHGLQJXQJHQ
NHLQ ]XOVVLJHU 3XQNW VHLQ VR GDVV GDV (UJHEQLV DOV 6WDUWZHUW HLQHU /LQLHQVXFKH YHU
ZHQGHW ZLUG ’DEHL ZLUG HLQH %HZHUWXQJVIXQNWLRQ YHUZHQGHW GLH KQOLFK HLQHU 6WUDI
IXQNWLRQ VRZRKO GLH 9HUULQJHUXQJ GHV *ÚWHIXQNWLRQVZHUWV DOV DXFK GLH 9HUOHW]XQJ GHU















PD[” KMS‰  
YHUZHQGHW GLH :LFKWXQJVIDNWRUHQ ZHUGHQ LQ MHGHP ,WHUDWLRQVVFKULWW LQ $EKQJLJNHLW





































%HL GHU /LQLHQVXFKH ZLUG GDQQ GHU (QWZXUI SO PLW GHP 0LQLPLHUHU GHV 7HLOSUREOHPV
SO ES YHUJOLFKHQ XQG GLH 6FKULWWZHLWH ES UHGX]LHUW ELV HLQH 9HUEHVVHUXQJ
)˘SO ESÉ  )˘SOÉ HUUHLFKW LVW
%HL GHU $QZHQGXQJ GHV GDUJHVWHOOWHQ 9RUJHKHQV EHUHLWHW LQ GHU 3UD[LV PHLVW GLH %H
UHLWVWHOOXQJ GHU ]XU %HUHFKQXQJ GHU +HVVH0DWUL[: EHQ—WLJWHQ .UÚPPXQJVLQIRUPD
WLRQHQ 3UREOHPH (V LVW MHGRFK P—JOLFK GLH +HVVH0DWUL[ GXUFK HLQH (UVDW]PDWUL[%
 2SWLPLHUXQJ
]X HUVHW]HQ GLH DXV ,QIRUPDWLRQHQ DXV GHQ ]XUÚFNOLHJHQGHQ ,WHUDWLRQVVFKULWWHQ DXIJH
EDXW ZLUG XQG JHJHQ GLH +HVVH0DWUL[ NRQYHUJLHUW 32:(// >@ ’LH DOV %UR\GHQ)OHW











EDXW DXI GHU 3DUDPHWHUQGHUXQJ ES XQG GHQ LQ
H 
…/˘SO M NÉ…/˘SO M NÉ










NM˘…KOM  …KOM É 
HQWKDOWHQHQ *UDGLHQWHQLQIRUPDWLRQ DXI
 0HKUNULWHULHQRSWLPLHUXQJ
’DV G\QDPLVFKH 9HUKDOWHQ YLHOHU WHFKQLVFKHU 6\VWHPH LVW LQ GHU 5HJHO QLFKW GXUFK HLQ
HLQ]HOQHV .ULWHULXP VRQGHUQ QXU GXUFK HLQH 9LHO]DKO YHUVFKLHGHQHU .ULWHULHQ ]X NHQQ
]HLFKQHQ )DVVW PDQ DOOH ]X PLQLPLHUHQGHQ *ÚWHIXQNWLRQHQ ]XP 9HNWRUNULWHULXP






 ”SX 2K _ JS
   KS$   SX$ S$ SR 
J  2K@ 2O  K  2K@ 2P‰  
,Q GHU 5HJHO H[LVWLHUW NHLQ (QWZXUI GHU DOOH .ULWHULHQ JOHLFK]HLWLJ PLQLPLHUW 6LFK ZLGHU
VSUHFKHQGH .ULWHULHQ IÚKUHQ GD]X GDVV HLQH 9HUEHVVHUXQJ LQ HLQHP .ULWHULXP GLH
9HUVFKOHFKWHUXQJ DQGHUHU .ULWHULHQ PLW VLFK EULQJW ,P *HJHQVDW] ]XP VNDODUHQ 2SWL
PLHUXQJVSUREOHP EHL GHP GHU 3DUDPHWHUUDXP DXI HLQHQ 6NDODU DEJHELOGHW ZLUG GHU
HLQH HLQGHXWLJH 9HUJOHLFKEDUNHLW GHU (QWZÚUIH QDFK *OHLFKXQJ  ]XOVVW LVW HLQ
9HUJOHLFK YHUVFKLHGHQHU (QWZÚUIH EHL GHU LQ %LOG  GDUJHVWHOOWHQ $EELOGXQJ DXI
9HNWRUNULWHULHQ QLFKW LQ MHGHP )DOO HLQGHXWLJ =ZLVFKHQ ]ZHL 9HNWRUHQI
 I ˘SÉ XQG
I
 I ˘SÉ ODVVHQ VLFK IROJHQGH %H]LHKXQJHQ GHILQLHUHQ
  2SWLPLHUXQJ
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’DPLW OLHJW GXUFK GDV 9HNWRUNULWHULXP IROJHQGH 2UGQXQJVVWUXNWXU IÚU GLH 0HKUNULWH
ULHQRSWLPLHUXQJ IHVW
S EHVVHU DOV S H I ˘SÉ  I ˘SÉ  
’LHVH 2UGQXQJ LVW MHGRFK QXU HLQH 7HLORUGQXQJ LP .ULWHULHQUDXP %LOG  /LHJW GDV
%LOG I YRQ S LP .HJHO












 ” IX 2Q _ I I ˘SÉ‰  
VR LVW S EHVVHU DOV S %HL HLQHP 9HUJOHLFK GHU (QWZÚUIH S XQG S LVW MHGRFK NHLQH
$XVVDJH P—JOLFK VLH VLQG QLFKW PLWHLQDQGHU YHUJOHLFKEDU
6FKOLH|W PDQ DOOH QLFKW RSWLPDOHQ (QWZÚUIH DXV GHU 0HQJH GHU ]XOVVLJHQ (QWZÚUIH
I DXV VR EOHLEW GLH 0HQJH GHU 3DUHWRRSWLPDOHQ RGHU JHQDXHU (GJHZRUWK3DUHWR
RSWLPDOHQ (QWZÚUIH
I3 
 ”S3X I _ ºSX I  I S I ˘S3É‰  
$XV GLHVHU ’HILQLWLRQ IROJW GDVV GLH $EELOGXQJ ?3
 I ˘I3É GHU 0HQJH GHU 3DUHWR
RSWLPDOHQ (QWZÚUIH I3 DXI GHP 5DQG GHV ]XOVVLJHQ .ULWHULHQUDXPV ? OLHJW
%LOG 
$OOH 3DUHWRRSWLPDOHQ (QWZÚUIH VLQG /—VXQJHQ GHV 0HKUNULWHULHQRSWLPLHUXQJVSUR
EOHPV  ’D NHLQ ZHLWHUHU PDWKHPDWLVFK VWUHQJHU 9HUJOHLFK ]ZLVFKHQ GLHVHQ (QW
ZÚUIHQ P—JOLFK LVW EOHLEW GHP ,QJHQLHXU GLH (QWVFKHLGXQJ IÚU HLQH /—VXQJ DXI %DVLV
VHLQHU (UIDKUXQJ RGHU VXEMHNWLYHQ (LQVFKW]XQJ ÚEHUODVVHQ
,Q GHU 3UD[LV OVVW VLFK GLH 0HQJH GHU 3DUHWRRSWLPDOHQ (QWZÚUIH QLFKW JHVFKORVVHQ
HUPLWWHOQ ZHLO HV ]X DXIZHQGLJ LVW DOOH ]XOVVLJHQ (QWZÚUIH LQ GHQ .ULWHULHQUDXP DE]X
ELOGHQ =XGHP LVW HLQH JUDSKLVFKH ’DUVWHOOXQJ GHV .ULWHULHQUDXPV QXU IÚU PD[LPDO 
’LPHQVLRQHQ XQG VRPLW .ULWHULHQ GXUFKIÚKUEDU 0DQ EHVFKUQNW VLFK GDKHU DXI GLH
6XFKH HLQ]HOQHU RGHU PHKUHUHU 3XQNWH DXVI3 GLH PDQ GXUFK 5HGXNWLRQ GHV 0HKU
NULWHULHQRSWLPLHUXQJVSUREOHPV DXI VNDODUH (UVDW]SUREOHPH PLW GHQ EHUHLWV EHNDQQ
WHQ $OJRULWKPHQ HUPLWWHOQ NDQQ (LQH 5HGXNWLRQ NDQQ DXI %DVLV GHU 6NDODULVLHUXQJ
GHU )HVWOHJXQJ HLQHU OH[LNRJUDSKLVFKHQ 2UGQXQJ GHU ’HILQLWLRQ HLQHV 2SWLPLHUXQJV


















]LHOV XQG JHHLJQHWHU $EZHLFKXQJHQ RGHU DXI HLQHU .RPELQDWLRQ GHU JHQDQQWHQ 9HU
IDKUHQ HUIROJHQ 520(52 >@
%HL GHU 6NDODULVLHUXQJ ZLUG GDV 9HNWRUNULWHULXP I S GXUFK HLQH 8WLOLW\ RGHU (UVDW]
IXQNWLRQ )I HUVHW]W GLH IROJHQGHQ %HGLQJXQJHQ JHQÚJW
I
 I H )˘IÉ 
 )˘IÉ 
I$ I H )˘IÉ $ )˘IÉ 
I I H )˘IÉ  )˘IÉ  
%HL GHU +LHUDUFKLVLHUXQJ ZHUGHQ GLH HLQ]HOQHQ *ÚWHNULWHULHQ HQWVSUHFKHQG LKUHU 5HOH
YDQ] VXN]HVVLYH PLQLPLHUW ’D]X LVW GLH 3ULRULWW GHU .ULWHULHQ YRP $QZHQGHU YRU]XJH
EHQ (LQLJH 9HUIDKUHQ EDXHQ DXI HLQHP %H]XJVSXQNW RGHU 2SWLPLHUXQJV]LHO I  DXI
2IW LVW HV JÚQVWLJ GLHVHQ %H]XJVSXQNW DOV LGHDOH /—VXQJ GHV 0HKUNULWHULHQRSWLPLH
UXQJVSUREOHPV ]X GHILQLHUHQ








 Q  
,P $OOJHPHLQHQ JHK—UW GLHVHU 3XQNW QLFKW ]X GHQ ]XOVVLJHQ (QWZÚUIHQ HU VWHOOW MH
GRFK HLQH JHHLJQHWH %H]XJVJU—|H ]XU %HXUWHLOXQJ GHV (UUHLFKEDUHQ GDU
- *HZLFKWHWH .ULWHULHQ
(LQ DXI *UXQG VHLQHU HLQIDFKHQ $QZHQGEDUNHLW ZHLW YHUEUHLWHWHV 9HUIDKUHQ LVW GLH 0H
WKRGH GHU JHZLFKWHWHQ .ULWHULHQ ] % ,*1,=,2 >@ %HL GLHVHU 6NDODULVLHUXQJ ZLUG GDV



















   
’XUFK :DKO XQWHUVFKLHGOLFKHU *HZLFKWXQJVIDNWRUHQZ
L
N—QQHQ YHUVFKLHGHQH 3DUHWR
RSWLPDOH (QWZÚUIH HUPLWWHOW ZHUGHQ ,P )DOO HLQHU NRQNDYHQ %HUDQGXQJ GHV .ULWHULHQ
UDXPV YHUVDJW GLHVH 0HWKRGH MHGRFK GD QXU 3DUHWRRSWLPDOH (QWZÚUIH DXI GHU NRQ
YH[HQ +ÚOOH GHV ]XOVVLJHQ .ULWHULHQUDXPV? HUIDVVW ZHUGHQ %LOG 
- +LHUDUFKLVFKH 2SWLPLHUXQJ
%HL GHU KLHUDUFKLVFKHQ 2SWLPLHUXQJ ZHUGHQ GLH HLQ]HOQHQ .ULWHULHQ VXN]HVVLYH LQ GHU
YRP $QZHQGHU GXUFK GLH 3ULRULWW YRUJHJHEHQHQ 5HLKHQIROJH PLQLPLHUW ,P $Q
VFKOXVV DQ GLH MHZHLOLJH 2SWLPLHUXQJ ZLUG GDV .ULWHULXP XP HLQH YRU]XJHEHQGH =X
ZDFKVWROHUDQ] JHORFNHUW XQG DOV ]XVW]OLFKH 1HEHQEHGLQJXQJ ]XU (LQVFKUQNXQJ
 2SWLPLHUXQJ
GHV ]XOVVLJHQ 3DUDPHWHUUDXPV HLQJHIÚKUW %LOG  8QWHU GHU 9RUDXVVHW]XQJ GDVV




















 I  
’XUFK 9DULDWLRQ GHU YRP $QZHQGHU IHVW]XOHJHQGHQ =XZDFKVWROHUDQ]HQF
L
ILQGHW GDV
9HUIDKUHQ YHUVFKLHGHQH 3DUHWRRSWLPDOH (QWZÚUIH $XI *UXQG GHU UHNXUVLYHQ 6XFKH
HUVFKHLQW GLH 0HWKRGH MHGRFK XPVWQGOLFK XQG LP )DOO GHU %HUÚFNVLFKWLJXQJ YLHOHU
.ULWHULHQ VHKU DXIZHQGLJ =XGHP LVW HV QLFKW HIIL]LHQW ]XHUVW HLQ .ULWHULXP ]X PLQLPLH
UHQ XP DQVFKOLH|HQG HLQH 9HUVFKOHFKWHUXQJ ]X]XODVVHQ
- .RPSURPLVV0HWKRGH
8P GDV LQGLUHNWH 9RUJHKHQ EHL GHU KLHUDUFKLVFKHQ 2SWLPLHUXQJ ]X XPJHKHQ NDQQ





IÚU Q  .ULWHULHQ GLUHNW
YRUJHEHQ XQG GDV YHUEOHLEHQGH .ULWHULXP IU PLQLPLHUHQ
PLQ
SXIU
IUS  PLW I
U 





 LX ^  ööö  Q‘?^U‘‰  




HU]LHOHQ 6LQG GLH 6FKUDQNHQ MHGRFK ]X VWUHQJ JHZKOW VR JLEW HV NHLQH /—































%LOG  +LHUDUFKLVFKH 2SWLPLHUXQJ
  2SWLPLHUXQJ
- =LHORSWLPLHUXQJ
(LQH .RPELQDWLRQ DXV .RPSURPLVV0HWKRGH XQG KLHUDUFKLVFKHU 2SWLPLHUXQJ LVW GLH
=LHORSWLPLHUXQJ :LH EHL GHU .RPSURPLVV0HWKRGH VLQG GDEHL 6FKUDQNHQ RGHU =LHOH
I
A
YRU]XJHEHQ ,Q HLQHU VHTXHQWLHOOHQ 2SWLPLHUXQJ ZHUGHQ GLH .ULWHULHQ QDFKHLQDQGHU
HQWVSUHFKHQG LKUHU 3ULRULWW PLQLPLHUW ELV VLH GLH =LHOYRUJDEHQ HUIÚOOHQ ,Q GHQ ZHL
WHUHQ 6FKULWWHQ ZHUGHQ GLH EHUHLWV HUUHLFKWHQ =LHOH DOV 1HEHQEHGLQJXQJHQ EHUÚFN
VLFKWLJW ’XUFK GDV UHNXUVLYH 9RUJHKHQ HUKOW GHU $QZHQGHU VRIRUW HLQH 5ÚFNPHO
GXQJ ZHQQ ]X VWUHQJH 6FKUDQNHQ YRUJHJHEHQ ZHUGHQ XQG GDV =LHO QLFKW UHDOLVLHUEDU
LVW ’LHVH 0HWKRGH OLHIHUW MHGRFK LP $OOJHPHLQHQ NHLQHQ HLQ]HOQHQ 3DUHWRRSWLPDOHQ
3XQNW VRQGHUQ GHILQLHUW HLQH 0HQJH
D˘SAÉ 
 ” IX 2Q _ I$ I ˘SAÉ‰  
GLH GXUFK GHQ .HJHOD LP =LHOSXQNW I
A

 I ˘SAÉ IHVWJHOHJW LVW XQG DXFK QLFKW RSWLPDOH
(QWZÚUIH HQWKOW %LOG 
- ’LVWDQ]0HWKRGHQ
(LQH ZHLWHUH 0—JOLFKNHLW ELHWHQ ’LVWDQ]0HWKRGHQ EHL GHQHQ GHU $EVWDQG ]X HLQHU
,GHDOO—VXQJ I  PLQLPLHUW ZLUG ] % 67$'/(5 >@ 0LW GHQ 6NDOLHUXQJVIDNWRUHQZ
L
GHU

























 $ U Ö  Z
L
   
+LHU HUKOW PDQ LQ $EKQJLJNHLW GHU JHZKOWHQ 0HWULNU HLQH HLQ]HOQH 3DUHWRRSWLPDOH
/—VXQJ %LOG  :HLWHUH 3XQNWH ODVVHQ VLFK GXUFK DQZHQGHUGHILQLHUWH QGHUXQJHQ
GHV %H]XJV I  RGHU GHU 6NDOLHUXQJVIDNWRUHQ Z HUPLWWHOQ ’LH :DKO JHHLJQHWHU %H





















































































LQ MHGHP )DOO HUIÚOOW LVW ’XUFK )HVWOHJXQJ YRQ %H]XJVSXQNWHQ GLH QLFKW GHU %HGLQ
JXQJ  JHQÚJHQ NDQQ GLH 0LQLPLHUXQJ YRQ)I QLFKWRSWLPDOH (QWZÚUIH OLHIHUQ
’DKHU LVW GLH )HVWOHJXQJ YRQ I  QDFK  LQ 9HUELQGXQJ PLW YDULDEOHQ 6NDOLHUXQJV
IDNWRUHQ Z ]X EHYRU]XJHQ
:HLWHUH 3UREOHPH N—QQHQ EHL 9HUZHQGXQJ GHU 0D[LPXPVQRUP U@Ö DXIWUHWHQ
ZHOFKH GLH %HGLQJXQJ I IH )˘IÉ  )˘IÉ QLFKW HUIÚOOW ,Q GLHVHP )DOO NDQQ GLH
0LQLPLHUXQJ YRQ  HLQH 7HLOPHQJHI5 I YRQ 3DUDPHWHUSXQNWHQ DOV (UJHEQLV
OLHIHUQ GLH QLFKW DOOH 3DUHWRRSWLPDO VLQG ’DQQ VLQG GLH HUKDOWHQHQ /—VXQJHQ UHNXUVLY
ZHLWHU HLQ]XVFKUQNHQ %(67/( >@
- 0LQ0D[0HWKRGHQ



















   
)ÚU GLH QXPHULVFKH /—VXQJ PLW +LOIH PRGHOOEDVLHUHQGHU 9HUIDKUHQ LVW HV JÚQVWLJ 0LQ
0D[3UREOHPH GXUFK (LQIÚKUXQJ HLQHV ]XVW]OLFKHQ 2SWLPLHUXQJVSDUDPHWHUVS
K
















 Q‰  
’XUFK (LQVHW]HQ GHU ’HILQLWLRQ  IÚU ]
L
HUKOW PDQ IÚU GLH 1HEHQEHGLQJXQJHQ
 GLH YHNWRULHOOH ’DUVWHOOXQJ
I$ I  S
K
Z  
GLH VLFK JXW JHRPHWULVFK YHUDQVFKDXOLFKHQ OVVW (6&+(1$8(5 >@ ,P 9HUODXI GHU 2S
WLPLHUXQJ ZLUG HLQ .HJHO VR ZHLW HQWODQJ GHU *HUDGHQ I  S
K
Z YHUVFKREHQ ZLH
]XOVVLJH 3XQNWH LP .HJHO HQWKDOWHQ VLQG ’XUFK 9DULDWLRQ YRQ %H]XJVSXQNWI  XQG
6NDOLHUXQJVIDNWRUHQ Z ODVVHQ VLFK YHUVFKLHGHQH 3DUHWRRSWLPDOH (QWZÚUIH ILQGHQ
%LOG  :LH EHL GHQ ’LVWDQ]0HWKRGHQ EHVWHKW HLQH 6FKZLHULJNHLW EHL GHU $QZHQ
GXQJ GHU 0LQ0D[0HWKRGHQ LQ GHU )HVWOHJXQJ HLQHV JHHLJQHWHQ %H]XJVSXQNWVI 
GD GHU LGHDOH 3XQNW QDFK  LP 9RUIHOG GHU 2SWLPLHUXQJ PHLVW QLFKW EHNDQQW LVW
XQG HUVW GXUFK HLQH QXPHULVFKH 2SWLPLHUXQJ HUPLWWHOW ZHUGHQ PXVV
9HUOHW]W GHU JHZKOWH %H]XJVSXQNW GLH 8QJOHLFKXQJ  VR N—QQHQ GXUFK 9DULDWLRQ
GHU *HZLFKWXQJVIDNWRUHQ ZHJHQZ
L
  P—JOLFKHUZHLVH QLFKW DOOH 3DUHWRRSWLPDOHQ
3XQNWH JHIXQGHQ ZHUGHQ ’HVKDOE VROOWH GHU %H]XJVSXQNW NOHLQHU DOV GHU LGHDOH
3XQNW VHLQ 2IW LVW DXI *UXQG GHU ’HILQLWLRQ HLQH XQWHUH 6FKUDQNH GHU .ULWHULHQ EH
NDQQW GLH GDQQ DOV %H]XJVSXQNW IHVWJHOHJW ZHUGHQ NDQQ
,P *HJHQVDW] ]X GHQ ’LVWDQ]0HWKRGHQ LVW HV EHL GHQ 0LQ0D[0HWKRGHQ QLFKW QRW
ZHQGLJ GDVV GHU %H]XJVSXQNW I  DX|HUKDOE GHU ]XOVVLJHQ 3XQNWH OLHJW :KOW PDQ
DOV %H]XJVSXQNW GHQ LGHDOHQ 3XQNW QDFK  VR ZLUG GHU ]XVW]OLFKH 3DUDPHWHU
S
K

































VLJHQ 3XQNW VR JLEW HV ]XOVVLJH 3XQNWH I I  XQG GLH /—VXQJ IÚKUW DXI S
K
 
,Q GLHVHP )DOO VSULFKW PDQ DXFK YRQ HLQHU ÛEHUHUIÚOOXQJ GHV =LHOV (LQH P—JOLFKH
:DKO IÚU I  VWHOOW GHU 6WDUWHQWZXUI GDU %HL GLHVHU )HVWOHJXQJ HQWVSULFKW GHU 9HNWRU
GHU 6NDOLHUXQJVIDNWRUHQ Z HLQHU 6XFKULFKWXQJ IÚU 3DUHWRRSWLPDOH (QWZÚUIH
(LQ 9RUWHLO GHU 0LQ0D[0HWKRGHQ JHJHQÚEHU GHQ ’LVWDQ]0HWKRGHQ LVW GLH (LJHQ
VFKDIW XQDEKQJLJ YRQ GHU :DKO GHU %H]XJVSXQNWH XQG 6NDOLHUXQJVIDNWRUHQ DXV
VFKOLH|OLFK 3DUHWRRSWLPDOH (UJHEQLVVH ]X OLHIHUQ $OOHUGLQJV OLHJHQ QLFKW DOOH GHU JH
IXQGHQHQ 2SWLPD DXI GHU *HUDGHQ HQWODQJZ GXUFK I  )DOOV GHU 3XQNW I  SKZ
QLFKW ]XOVVLJ LVW KDQGHOW HV VLFK EHL GHU /—VXQJ GHV 2SWLPLHUXQJVSUREOHPV 
XP HLQHQ *UHQ]ZHUW GHU 3DUHWRRSWLPDOHQ 0HQJH %LOG  ,Q GLHVHP )DOO LVW PLQGH
VWHQV HLQH 1HEHQEHGLQJXQJ YRQ  LQDNWLY

 2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
,P YRUDQJHKHQGHQ .DSLWHO ZXUGHQ PLW GHU ’HILQLWLRQ JHHLJQHWHU *ÚWHNULWHULHQ ]XU %H
XUWHLOXQJ G\QDPLVFKHU 6\VWHPH GHQ XQWHUVFKLHGOLFKHQ VNDODUHQ $OJRULWKPHQ VRZLH
GHQ 0HWKRGHQ ]XU 5HGXNWLRQ YRQ 0HKUNULWHULHQRSWLPLHUXQJVSUREOHPHQ DXI VNDODUH
2SWLPLHUXQJVSUREOHPH GLH ZHVHQWOLFKHQ (OHPHQWH IÚU HLQH UHFKQHUJHVWÚW]WH 2SWLPLH
UXQJ ]XVDPPHQJHVWHOOW )ÚU GLH (QWZLFNOXQJ HLQHU EHQXW]HUIUHXQGOLFKHQ 6RIWZDUHXP
JHEXQJ UHLFKW GDV EOR|H =XVDPPHQIÚJHQ GLHVHU .RPSRQHQWHQ DOOHUGLQJV QLFKW DXV
=XVW]OLFK PXVV GDV 3URJUDPP HLQIDFK DQ DOOJHPHLQH 3UREOHPVWHOOXQJHQ DQJHSDVVW
ZHUGHQ N—QQHQ 1LFKW QXU *ÚWHIXQNWLRQHQ DXI GHU %DVLV YRQ %HUHFKQXQJHQ XQG 6L
PXODWLRQHQ VRQGHUQ DXFK DXV 0HVVXQJHQ HUPLWWHOWH .ULWHULHQZHUWH VROOHQ YHUZHQGHW
ZHUGHQ /HW]WHUHV IÚKUW DXI *UXQG GHV XQYHUPHLGEDUHQ 0HVVUDXVFKHQV ]X 6FKZLHULJ
NHLWHQ EHL GHU (PSILQGOLFKNHLWVDQDO\VH ’HVKDOE ZHUGHQ LQ GHQ IROJHQGHQ $EVFKQLW
WHQ QDFK HLQHU ’HILQLWLRQ DOOJHPHLQHU $QIRUGHUXQJHQ ]XQFKVW VSH]LHOOH 9HUIDKUHQ GHU
(PSILQGOLFKNHLWVDQDO\VH DXI %DVLV YRQ %HUHFKQXQJHQ GDUJHVWHOOW GLH ]XP 7HLO DXI
GXUFK 5HFKHQXQJHQDXLJNHLWHQ YHUUDXVFKWH .ULWHULHQ DEJHVWLPPW VLQG (LQH (UZHLWH
UXQJ GLHVHU 9HUIDKUHQ ELOGHW VFKOLH|OLFK GDV $SSUR[LPDWLRQVYHUIDKUHQ GDV LQ GLHVHU
$UEHLW IÚU H[SHULPHQWHQEDVLHUHQGH 2SWLPLHUXQJVSUREOHPH YHUZHQGHW ZHUGHQ VROO
 $QIRUGHUXQJHQ DQ HLQH 2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
)ÚU HLQH JXWH $N]HSWDQ] GXUFK GHQ $QZHQGHU PXVV GLH HLQJHVHW]WH 2SWLPLHUXQJV
XPJHEXQJ ]ZHL ZHVHQWOLFKH )XQNWLRQHQ HUIÚOOHQ =XP HLQHQ LVW HLQH ]XYHUOVVLJH
.RQYHUJHQ] GHU LP +LQWHUJUXQG DUEHLWHQGHQ $OJRULWKPHQ QRWZHQGLJ ]XP DQGHUHQ
HLQH HLQIDFKH %HGLHQEDUNHLW YHUEXQGHQ PLW HLQHU P—JOLFKVW JUDSKLVFKHQ ,QIRUPDWLRQ
ÚEHU GHQ 2SWLPLHUXQJVIRUWVFKULWW
’LH LQ GHQ 2SWLPLHUXQJVDOJRULWKPHQ ÚEOLFKHUZHLVH YHUZHQGHWHQ .ULWHULHQ IÚU GHQ HU
IROJUHLFKHQ $EEUXFK GHU QXPHULVFKHQ 2SWLPLHUXQJVLWHUDWLRQ EHUXKHQ DXI DQZHQGHU
YRUJHJHEHQHQ *HQDXLJNHLWVVFKUDQNHQ IÚU .ULWHULHQ 1HEHQEHGLQJXQJHQ XQG 0LQL
PLHUHU (QJH 7ROHUDQ]JUHQ]HQ IÚKUHQ ]X H[DNWHQ (UJHEQLVVHQ DXI .RVWHQ YLHOHU ,WHUDWL
RQVVFKULWWH ’LHV LVW LQ GHU 3UD[LV MHGRFK ZHQLJ VLQQYROO GHQQ EHL HLQHU PRGHOOEDVLH
UHQGHQ 2SWLPLHUXQJ IÚKUHQ 8QJHQDXLJNHLWHQ EHL GHU 0RGHOOELOGXQJ E]Z 7ROHUDQ]HQ
  2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
EHL GHU WHFKQLVFKHQ 5HDOLVLHUXQJ RKQHKLQ ]X $EZHLFKXQJHQ ]ZLVFKHQ %HUHFKQXQJ
XQG UHDOHP 6\VWHP :LUG GLH 2SWLPLHUXQJ DXI %DVLV YRQ 0HVVXQJHQ DQ PHFKDWURQL
VFKHQ 6\VWHPHQ RGHU ([SHULPHQWJHNRSSHOWHQ 6LPXODWLRQHQ GXUFKJHIÚKUW VR PDFKW
GDV 5DXVFKHQ GHV 0HVVVLJQDOV GLH H[DNWH %HVWLPPXQJ GHV 0LQLPLHUHUV XQG GDPLW
GLH (LQKDOWXQJ HQJHU 7ROHUDQ]HQ XQP—JOLFK XQG EHZLUNW PHLVW HLQHQ HQWWXVFKHQGHQ
,WHUDWLRQVDEEUXFK ,P *HJHQVDW] ]X PDWKHPDWLVFKHQ 2SWLPLHUXQJVSUREOHPHQ EHL
GHQHQ HLQ H[DNWHU 0LQLPLHUHU XQG GDV ]XJHK—ULJH 0LQLPXP JHIRUGHUW VLQG LVW LQ GHU
WHFKQLVFKHQ 3UD[LV GDPLW GLH (UPLWWOXQJ HLQHV EHLQDKH RSWLPDOHQ 3XQNWV LQ GHU 5HJHO
DXVUHLFKHQG %HVRQGHUV YRU GHP +LQWHUJUXQG GDVV ]XVW]OLFKH ,WHUDWLRQVVFKOHLIHQ
HLQH LQ YLHOHQ )OOHQ ]HLWDXIZHQGLJH XQG UHFKHQLQWHQVLYH (UPLWWOXQJ YRQ .ULWHULHQZHU
WHQ HUIRUGHUQ VROOWHQ GLH $EEUXFKNULWHULHQ YHUQÚQIWLJ XQG QLFKW ]X VWUHQJ JHZKOW ZHU
GHQ
%HL GHU 2SWLPLHUXQJ UHDOHU 7HLONRPSRQHQWHQ RGHU 6\VWHPH VLQG NULWLVFKH =XVWQGH
GLH ]XU *HIKUGXQJ GHU 8PZHOW RGHU ]XU 6HOEVW]HUVW—UXQJ GHV +L/([SHULPHQWV IÚK
UHQ ]X YHUPHLGHQ 8UVDFKH VROFKHU (IIHNWH N—QQHQ ] % LQVWDELOH 5HJOHUSDUDPHWHU
PHFKDWURQLVFKHU 6\VWHPH RGHU DXFK XQJÚQVWLJH :HUWH GHU (QWZXUIVSDUDPHWHU EHL
([SHULPHQWJHNRSSHOWHQ 6LPXODWLRQHQ VHLQ ,P HLQIDFKVWHQ )DOO VLQG NULWLVFKH =X
VWQGH GXUFK GLH :DKO HQWVSUHFKHQGHU 6FKUDQNHQ IÚU GLH (QWZXUIVSDUDPHWHU DXV]X
VFKOLH|HQ ,Q GHU 5HJHO VLQG VROFKH 6FKUDQNHQ D SULRUL MHGRFK QLFKW EHNDQQW VR GDVV
HLQ VROFKHV 9RUJHKHQ QLFKW JHQHUHOO DQZHQGEDU LVW ,Q GLHVHQ )OOHQ VROOWH GHU $QZHQ
GHU ]XVW]OLFKH .ULWHULHQ GHILQLHUHQ GXUFK ZHOFKH HLQ 6WDELOLWWVPD| GHV 9HUVXFKV
IHVWJHOHJW LVW ’LH (LQIÚKUXQJ GLHVHU .ULWHULHQ DOV 1HEHQEHGLQJXQJHQ ]ZLQJW GHQ $O
JRULWKPXV LQVWDELOH =XVWQGH DXV]XVFKOLH|HQ $OOHUGLQJV EHVWLPPW GHU $OJRULWKPXV
MHZHLOV GHQ YHUEHVVHUWHQ (QWZXUI DXI %DVLV YRQ $SSUR[LPDWLRQHQ IÚU .ULWHULHQ XQG
1HEHQEHGLQJXQJHQ 6LQG GLHVH $SSUR[LPDWLRQHQ XQJHQDX VR NDQQ GHU YRUJHVFKOD
JHQH QHXH (QWZXUI JHPHVVHQ DP UHDOHQ 6\VWHP XQ]XOVVLJ VHLQ XQG GLH 6LFKHUKHLWV
1HEHQEHGLQJXQJHQ YHUOHW]HQ =XGHP HUODXEHQ YLHOH 2SWLPLHUXQJVDOJRULWKPHQ
GXUFKDXV HLQH 9HUOHW]XQJ YRQ 1HEHQEHGLQJXQJHQ DXI .RVWHQ HLQHV *ÚWHIXQNWLRQVJH
ZLQQV XQG HUIÚOOHQ GLHVH HUVW LQ GHU (QGSKDVH GHU .RQYHUJHQ] 8P GLH *HIDKU LQVWDEL
OHU 6\VWHP]XVWQGH ]X YHUPHLGHQ VROOWH GDKHU ]XVW]OLFK ]XU (LQIÚKUXQJ GHU 6LFKHU
KHLWV1HEHQEHGLQJXQJHQ GLH PD[LPDOH 3DUDPHWHUQGHUXQJ MH ,WHUDWLRQVVFKULWW EH
JUHQ]W ZHUGHQ GDPLW VLFK VLFKHUKHLWVJHIKUGHQGH 6\VWHP]XVWQGH ODQJVDP DQNÚQ
GLJHQ XQG PDQ YRQ DX|HQ UHFKW]HLWLJ HLQJUHLIHQ NDQQ ’HU 3UHLV IÚU GHQ *HZLQQ DQ
6LFKHUKHLW GXUFK HLQH VROFKH 6FKULWWZHLWHQEHJUHQ]XQJ VLQG HYHQWXHOO ]XVW]OLFKH
,WHUDWLRQVVFKULWWH XQG GDPLW YHUEXQGHQH .ULWHULHQDXVZHUWXQJHQ DXI GHP :HJ ]XP
RSWLPDOHQ (QWZXUI
’LH 0HKUNULWHULHQRSWLPLHUXQJ LVW NHLQH $XIJDEH GLH DOOHLQ GHP &RPSXWHU ÚEHUODVVHQ
ZHUGHQ NDQQ GHQQ LP 9HUODXI GHU 2SWLPLHUXQJ PÚVVHQ VLFK 2SWLPLHUXQJVSKDVHQ
 2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
XQG (QWVFKHLGXQJVSKDVHQ DEZHFKVHOQ :KUHQG GHU &RPSXWHU GLH (UPLWWOXQJ 3DUH
WRRSWLPDOHU (QWZÚUIH ÚEHUQLPPW KDW GHU $QZHQGHU DXI *UXQG GHU 0HKUGHXWLJNHLW
GHU RSWLPDOHQ /—VXQJ GDV YRUJHVFKODJHQH (UJHEQLV ]X EHXUWHLOHQ XQG 9RUJDEHQ IÚU
ZHLWHUH 2SWLPLHUXQJVVFKULWWH DQ GLH 0HKUNULWHULHQRSWLPLHUXQJVVRIWZDUH ]X ÚEHUJH
EHQ %LOG  ,P /DXIH GHU 2SWLPLHUXQJ OHUQW GHU $QZHQGHU GDV ]X RSWLPLHUHQGH 6\
VWHP EHVVHU YHUVWHKHQ XQG HUNHQQW :LGHUVSUÚFKOLFKNHLWHQ ]ZLVFKHQ .ULWHULHQ GLH D
SULRUL YLHOOHLFKW QLFKW EHNDQQW ZDUHQ 6FKOLH|OLFK NDQQ HU PLW .HQQWQLV GHU 9HUEHVVH
UXQJVP—JOLFKNHLWHQ HLQ]HOQHU .ULWHULHQ DXI .RVWHQ DQGHUHU GLH YHUVFKLHGHQHQ $V
SHNWH DEZJHQ XQG VLFK IÚU HLQHQ 3DUHWRRSWLPDOHQ (QWZXUI HQWVFKHLGHQ
:HVHQWOLFKHU %HVWDQGWHLO HLQHU &RPSXWHU$QZHQGHU 6FKQLWWVWHOOH LVW GLH JUDILVFKH ’DU
VWHOOXQJ YRQ 3DUDPHWHUQ XQG .ULWHULHQ ,Q MHGHP ,WHUDWLRQVVFKULWW VROOWH GHU 1XW]HU ÚEHU
GHQ )RUWVFKULWW GHU 2SWLPLHUXQJ LQIRUPLHUW ZHUGHQ XP GLH 2SWLPLHUXQJ JHJHEHQHQ
IDOOV DEEUHFKHQ ]X N—QQHQ (EHQVR NDQQ GLH DEVFKOLH|HQGH (QWVFKHLGXQJ IÚU HLQHQ
EHVWLPPWHQ 3DUHWRRSWLPDOHQ (QWZXUI PLW JUDILVFKHQ +LOIVPLWWHOQ XQWHUVWÚW]W ZHUGHQ
67(8(5 >@
’HU QXPHULVFKH $XIZDQG GHU 2SWLPLHUXQJ VWHLJW MH QDFK YHUZHQGHWHP 9HUIDKUHQ OL
QHDU RGHU TXDGUDWLVFK PLW GHU $Q]DKO GHU 2SWLPLHUXQJVSDUDPHWHU DQ ’DKHU LVW HV
QLFKW VLQQYROO GLH 2SWLPLHUXQJ LPPHU PLW DOOHQ YHUQGHUOLFKHQ 3DUDPHWHUQ GXUFK]X
IÚKUHQ VRQGHUQ PDQ VROOWH GLH $Q]DKO GHU 3DUDPHWHU DXI GLH ZHVHQWOLFKHQ UHGX]LHUHQ
:,00(5 >@ VFKOJW IÚU GLHVH $XVZDKO HLQ 6FUHHQLQJ GHU 9DULDEOHQ YRU GDV DXI GHQ
0HWKRGHQ GHU 9HUVXFKVSODQXQJ EHUXKW +,&.6 81' 7851(5 >@ (LQH DQGHUH 0—JOLFK
NHLW ELHWHQ GLH *UDGLHQWHQ IÚU GHQ PRPHQWDQHQ (QWZXUI DOV $XVZDKONULWHULXP IÚU UHOH
YDQWH 3DUDPHWHU
8P EHL GHU $XVZDKO GHU UHOHYDQWHQ 3DUDPHWHU IOH[LEHO ]X VHLQ VROOWH GDV 3URJUDPP
GLH 0—JOLFKNHLW ELHWHQ ]ZLVFKHQ DNWLYHQ XQG SDVVLYHQ 3DUDPHWHUQ ]X XQWHUVFKHLGHQ
$QDORJ LVW DXFK EHL GHU =XRUGQXQJ YRQ .ULWHULHQ DOV *ÚWHIXQNWLRQ RGHU 1HEHQEHGLQ







JXQJ HLQH QGHUXQJ GXUFK GHQ 1XW]HU LQ MHGHP 9HNWRUNULWHULHQRSWLPLHUXQJVVFKULWW
YRU]XVHKHQ
’LH LQ $EVFKQLWW  ]XVDPPHQJHVWHOOWHQ *ÚWHNULWHULHQ G\QDPLVFKHU 6\VWHPH EHUX
KHQ DXI VHKU XQWHUVFKLHGOLFKHQ %HUHFKQXQJVYHUIDKUHQ -H QDFK 6\VWHP N—QQHQ UHLQ
DOJHEUDLVFKH H[SOL]LWH *OHLFKXQJHQ (LJHQZHUWSUREOHPH )UHTXHQ]JDQJXQWHUVXFKXQ
JHQ 6LPXODWLRQHQ RGHU 0HVVXQJHQ GHU %HVWLPPXQJ YRQ .ULWHULHQ ]X *UXQGH OLHJHQ
’HVKDOE PXVV GHU $QZHQGHU EHL GHU ’HILQLWLRQ GHU .ULWHULHQ P—JOLFKVW IUHL VHLQ 9RU
GLHVHP +LQWHUJUXQG ELHWHW GLH 6RIWZDUHIDPLOLH 0$7/$% >@ HLQH JÚQVWLJH 9RUDXVVHW
]XQJ 9LHOH %HUHFKQXQJVYHUIDKUHQ ZLH (LJHQZHUWO—VHU XQG QXPHULVFKH ,QWHJUDWRUHQ
VLQG GRUW LPSOHPHQWLHUW IÚU VSH]LHOOH %HUHFKQXQJHQ ZLH )LQLWH (OHPHQWH RGHU )UH
TXHQ]JDQJXQWHUVXFKXQJHQ H[LVWLHUHQ HQWVSUHFKHQGH (UZHLWHUXQJHQ XQG OHW]WHQG
OLFK LVW GLH LP 5DKPHQ GLHVHU $UEHLW HLQJHVHW]WH (FKW]HLWVLPXODWLRQVXPJHEXQJ PLW
+LOIH YRQ 0$7/$%%HIHKOHQ EHHLQIOXVVEDU +$16(/0$11 >@ ’HV :HLWHUHQ N—QQHQ
DXFK EHOLHELJH DQGHUH H[WHUQH 3URJUDPPH JHVWDUWHW ZHUGHQ GHUHQ (UJHEQLVVH GDQQ
LQ .ULWHULHQ HLQJHKHQ N—QQHQ
,Q GHU YRUOLHJHQGHQ $UEHLW ZXUGH HLQH 0HKUNULWHULHQRSWLPLHUXQJVXPJHEXQJ HQWZL
FNHOW GLH GLHVHQ $QIRUGHUXQJHQ 5HFKQXQJ WUJW %LOG  ]HLJW GHQ $XIEDX GHU 6RIW
ZDUHXPJHEXQJ 9RP $QZHQGHU VLQG ,QIRUPDWLRQHQ ÚEHU GLH 3DUDPHWHU XQG .ULWHULHQ






















VRZLH VSH]LHOOH 2SWLRQHQ ]X GHQ YHUZHQGHWHQ $OJRULWKPHQ EHUHLW]XVWHOOHQ ’LH %H
UHFKQXQJ GHU .ULWHULHQ LQ $EKQJLJNHLW GHU 3DUDPHWHU LVW LQ HLQHP 8QWHUSURJUDPP
IHVW]XOHJHQ %HL GHU 9HUZHQGXQJ YRQ *UDGLHQWHQYHUIDKUHQ ]XU /—VXQJ GHV VNDODUHQ
2SWLPLHUXQJVSUREOHPV PXVV ]XVW]OLFK HLQH )XQNWLRQ ]XU %HUHFKQXQJ GHU *UDGLHQ
WHQ SURJUDPPLHUW ZHUGHQ ZHQQ QLFKW DXI SURJUDPPLQWHUQH $OJRULWKPHQ ]XU $EVFKW
]XQJ GHV *UDGLHQWHQ DXV .ULWHULHQDXVZHUWXQJHQ ]XUÚFNJHJULIIHQ ZLUG ’LH 2SWLPLH
UXQJVXPJHEXQJ XPIDVVW 3URJUDPPH ]XU 8QWHUVWÚW]XQJ GHV $QZHQGHUV EHL GHU $XV
ZDKO UHOHYDQWHU 3DUDPHWHU YHUVFKLHGHQH $QVW]H ]XU 5HGXNWLRQ GHV 9HNWRURSWLPLH
UXQJVSUREOHPV DXI HLQ VNDODUHV 3UREOHP VRZLH PHKUHUH VNDODUH 2SWLPLHUXQJVDOJR
ULWKPHQ ’LH $XVZDKO GHU 5HGXNWLRQVVWUDWHJLH HUIROJW LQ ,QWHUDNWLRQ PLW GHP $QZHQ
GHU
 0HWKRGHQ ]XU (PSILQGOLFKNHLWVDQDO\VH
,Q YLHOHQ WHFKQLVFKHQ $QZHQGXQJHQ LVW GLH %HUHFKQXQJ GHU .ULWHULHQ VHKU ]HLWLQWHQVLY
%HL 0HKUN—USHUV\VWHPHQ LVW HLQH QXPHULVFKH ,QWHJUDWLRQ GHU %HZHJXQJVJOHLFKXQJHQ
DXV]XIÚKUHQ EHL )LQLWH (OHPHQWH 6\VWHPHQ HLQ DOOJHPHLQHV (LJHQZHUWSUREOHP ]X O—
VHQ XQG EHL +DUGZDUHLQWKH/RRS 6LPXODWLRQHQ HLQ ([SHULPHQW GXUFK]XIÚKUHQ 9RU
GLHVHP +LQWHUJUXQG VROOWHQ HIIL]LHQWH 2SWLPLHUXQJVDOJRULWKPHQ HLQJHVHW]W ZHUGHQ
GLH PLW P—JOLFKVW ZHQLJHQ .ULWHULHQDXVZHUWXQJHQ UDVFK NRQYHUJLHUHQ 1XPHULVFKH
8QWHUVXFKXQJHQ KDEHQ JH]HLJW GDVV $OJRULWKPHQ GLH DX|HU GHP .ULWHULHQZHUW DXFK
*UDGLHQWHQLQIRUPDWLRQHQ DXVZHUWHQ ZHVHQWOLFK EHVVHU NRQYHUJLHUHQ DOV 9HUIDKUHQ
ZHOFKH DXVVFKOLH|OLFK .ULWHULHQ YHUZHQGHQ :KUHQG EHL H[SOL]LWHQ .ULWHULHQ GHU *UD
GLHQW RKQH 6FKZLHULJNHLWHQ GXUFK DQDO\WLVFKHV ’LIIHUHQ]LHUHQ H[DNW DQJHJHEHQ ZHU
GHQ NDQQ LVW GDV 9RUJHKHQ EHL .ULWHULHQ ZHOFKH QXU LPSOL]LW ÚEHU %HUHFKQXQJVYHUIDK
UHQ RGHU 0HVVXQJHQ YRQ GHQ (QWZXUIVYDULDEOHQ DEKQJHQ ZHLW VFKZLHULJHU
(LQ JUXQGVW]OLFK LPPHU GXUFKIÚKUEDUHV XQG GDKHU KXILJ DQJHZDQGWHV 9HUIDKUHQ
]XU %HVWLPPXQJ GHU *UDGLHQWHQ LVW GLH QXPHULVFKH ’LIIHUHQWLDWLRQ ’D]X ZLUG GLH
)XQNWLRQ Y ]XVW]OLFK ]XP 5HIHUHQ]SXQNW S

DQ ZHLWHUHQ 3XQNWHQ S

 ’S PLW YHU



















































 K  
6FKZLHULJNHLWHQ EHUHLWHW GLH :DKO HLQHU RSWLPDOHQ 3DUDPHWHUVW—UXQJ’S %HL NOHLQHQ
:HUWHQ ZLUG GLH QXPHULVFKH %HUHFKQXQJ DXI *UXQG YRQ $XVO—VFKXQJVIHKOHUQ XQJH
QDX ]X JUR|H 3DUDPHWHUVW—UXQJHQ IÚKUHQ ]X $SSUR[LPDWLRQVIHKOHUQ GXUFK 9HUQDFK
OVVLJXQJ TXDGUDWLVFKHU XQG K—KHUHU 7HUPH EHL GHU 7D\ORUUHLKHQHQWZLFNOXQJ
*,// >@ JLEW (PSIHKOXQJHQ IÚU RSWLPDOH 3DUDPHWHUVW—UXQJHQ DQ GLH MHGRFK PLW VHKU
KRKHP QXPHULVFKHQ $XIZDQG YHUEXQGHQ VLQG VR GDVV GLH 3DUDPHWHUVW—UXQJ LQ GHU
3UD[LV GXUFK GHQ $QZHQGHU YRUJHJHEHQ ZHUGHQ PXVV
(LQ 1DFKWHLO GHU ’LIIHUHQ]HQIRUPHO  LVW GLH DXI GHP $SSUR[LPDWLRQVIHKOHU EHUX
KHQGH 8QJHQDXLJNHLW GHV 9HUIDKUHQV %HL HLQHU 7D\ORUUHLKHQHQWZLFNOXQJ ELV ]X TXD
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 K  
GLH ]ZDU HLQH K—KHUH *HQDXLJNHLW ELHWHQ MHGRFK GRSSHOW VR YLHOH )XQNWLRQVDXVZHU
WXQJHQ EHQ—WLJHQ
8P GLH 1DFKWHLOH GHU *UDGLHQWHQEHVWLPPXQJ GXUFK QXPHULVFKH ’LIIHUHQWLDWLRQ ]X
XPJHKHQ ZXUGHQ LQ HLQLJHQ )DFKJHELHWHQ VHPLDQDO\WLVFKH 9HUIDKUHQ HQWZLFNHOW
’LHVH 9HUIDKUHQ VLQG MHGRFK DXI VSH]LHOOH .ULWHULHQW\SHQ EHJUHQ]W
)ÚU GLH $QDO\VH YRQ 0HKUN—USHUV\VWHPHQ JLEW HV ]ZHL VROFKH 9HUIDKUHQ ’LH ’LUHNWH
0HWKRGH XQG GLH $GMXQJLHUWH 9DULDEOHQ 0HWKRGH %(67/( >@ %HLGH EHUXKHQ DXI *ÚWH
IXQNWLRQDOHQ GHU )RUP
Y 
*ÆW \ ] SÉq W

W
)W \ ] ]

 S GW  
 2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
ZREHL * GHQ =XVWDQG DP (QGH GHU 6LPXODWLRQ XQG ) GDV G\QDPLVFKH 9HUKDOWHQ
GHV 6\VWHPV EHXUWHLOW %HUÚFNVLFKWLJW PDQ DXVVFKOLH|OLFK GLH XQDEKQJLJHQ 3DUDPH








 …Y 7 ES  
’XUFK 9HUJOHLFK PLW GHU 9DULDWLRQ YRQ *OHLFKXQJ 
EY 
EY ÆES  EW E\ E] E\  E]  E]É 
OVVW VLFK GHU *UDGLHQW ILQGHQ DOOHUGLQJV HUKOW PDQ ]XQFKVW ]XVW]OLFKH DEKQJLJH
9DULDWLRQHQ GHU =XVWQGH \ ] ]

XQG GHU (QG]HLW W GLH HUVW HOLPLQLHUW ZHUGHQ PÚV
VHQ ’LH GD]X HUIRUGHUOLFKHQ *OHLFKXQJHQ OLHIHUW GLH 9DULDWLRQ GHU V\VWHPEHVFKUHLEHQ
GHQ ’LIIHUHQWLDOJOHLFKXQJHQ GHU $QIDQJVEHGLQJXQJHQ VRZLH GHU (QGEHGLQJXQJ
ZHOFKH GXUFK *OHLFKXQJVV\VWHPH GHU )RUP
$E\
  
E]Z HQWVSUHFKHQGH ’LIIHUHQWLDOJOHLFKXQJHQ IÚU GLH ]HLWYHUQGHUOLFKHQ 9DULDWLRQHQ EH
VFKULHEHQ ZHUGHQ ZHQQ DOOH 9DULDWLRQHQ LP 9HNWRUE\ ]XVDPPHQJHIDVVW VLQG
%HL GHU ’LUHNWHQ 0HWKRGH HUKOW PDQ DXV GLHVHQ ]XVW]OLFKHQ *OHLFKXQJHQ %HGLQJXQ
JHQ IÚU GLH DEKQJLJHQ 9DULDWLRQHQ GLH GXUFK $XIO—VHQ XQG (LQVHW]HQ LQ  HLQH
(OLPLQDWLRQ GHU DEKQJLJHQ 9DULDWLRQHQ HUP—JOLFKHQ 6RPLW LVW GLH 9DULDWLRQ GHV .ULWH
ULXPV QXU QRFK YRQ GHU 9DULDWLRQ GHU (QWZXUIVSDUDPHWHU DEKQJLJ XQG GHU *UDGLHQW
NDQQ DXV HLQHP 9HUJOHLFK YRQ  PLW  HUPLWWHOW ZHUGHQ ’DEHL LVW ]X EHDFKWHQ
GDVV GLH .RHIIL]LHQWHQ $LM GHV *OHLFKXQJVV\VWHPV ]XVWDQGVDEKQJLJ VLQG ’LH GD
UDXV UHVXOWLHUHQGHQ ’LIIHUHQWLDOJOHLFKXQJHQ N—QQHQ MHGRFK SDUDOOHO ]XU /—VXQJ GHU
6\VWHPJOHLFKXQJHQ LQWHJULHUW ZHUGHQ ’LHVHV 9HUIDKUHQ LVW LP *HJHQVDW] ]XU *UD
GLHQWHQEHVWLPPXQJ GXUFK QXPHULVFKH ’LIIHUHQWLDWLRQ H[DNW ’HU QXPHULVFKH $XI
ZDQG LVW MHGRFK ]XU $Q]DKO GHU (QWZXUIVYDULDEOHQ SURSRUWLRQDO VR GDVV GLH 0HWKRGH
IÚU 2SWLPLHUXQJVDXIJDEHQ PLW HLQHU JUR|HQ $Q]DKO YRQ (QWZXUIVSDUDPHWHUQ XQJHHLJ
QHW HUVFKHLQW
:KUHQG GLH ]XVW]OLFKHQ *OHLFKXQJHQ  EHL GHU ’LUHNWHQ 0HWKRGH ]XU (OLPLQDWLRQ
GHU XQDEKQJLJHQ 9DULDWLRQHQ LQ  YHUZHQGHW ZHUGHQ EHWUDFKWHW PDQ VLH EHL GHU
$GMXQJLHUWH 9DULDEOHQ 0HWKRGH DOV HUIÚOOWH 1HEHQEHGLQJXQJHQ 6RPLW NDQQ  PLW
EHOLHELJHQ /DJUDQJH 0XOWLSOLNDWRUHQ M GHQ $GMXQJLHUWHQ 9DULDEOHQ PXOWLSOL]LHUW XQG




…Y 7 ES  
  2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
’LH GDGXUFK JHVFKDIIHQHQ ]XVW]OLFKHQ )UHLKHLWHQ LQ GHQ .RHIIL]LHQWHQ GHU DEKQJL
JHQ 9DULDWLRQHQ N—QQHQ GXUFK JHHLJQHWH :DKO YRQM IÚU GLH (OLPLQDWLRQ GHU DEKQJL
JHQ 9DULDWLRQHQ EHQXW]W ZHUGHQ ’DPLW HUKOW PDQ *OHLFKXQJHQ IÚU GLH $GMXQJLHUWHQ
9DULDEOHQ XQG GLH %HVWLPPXQJVJOHLFKXQJ IÚU GHQ *UDGLHQWHQ ’LH 0HWKRGH KDW GHQ
9RUWHLO GDVV GHU QXPHULVFKH $XIZDQG EHLQDKH XQDEKQJLJ YRQ GHU $Q]DKO GHU (QW
ZXUIVSDUDPHWHU LVW %HL GHU DOJRULWKPLVFKHQ 8PVHW]XQJ WULWW MHGRFK GLH 6FKZLHULJNHLW
DXI GDVV GLH DGMXQJLHUWHQ ’LIIHUHQWLDOJOHLFKXQJHQ GXUFK 5ÚFNZUWVLQWHJUDWLRQ ]X O—
VHQ VLQG ’LH HQWVSUHFKHQGHQ %H]LHKXQJHQ ILQGHW PDQ EHL %(67/( >@
$XFK IÚU GLH $QDO\VH YRQ )LQLWH (OHPHQWH 6\VWHPHQ H[LVWLHUHQ VHPLDQDO\WLVFKH 9HU
IDKUHQ GLH ] % EHL VWDWLVFKHQ 3UREOHPHQ (LJHQZHUWXQWHUVXFKXQJHQ WKHUPLVFKHQ
%HUHFKQXQJHQ XQG %HXOSUREOHPHQ HLQJHVHW]W ZHUGHQ N—QQHQ ’DV 9RUJHKHQ VROO
KLHU DP %HLVSLHO GHV (LJHQZHUWSUREOHPV GHPRQVWULHUW ZHUGHQ ZHLWHUH 9HUIDKUHQ ILQ
GHW PDQ ] % EHL 2/+2)) 81' /81' >@
’LH (LJHQIUHTXHQ]HQ W M HLQHV XQJHGPSIWHQ OLQHDUHQ 6\VWHPV HUJHEHQ VLFK DXV
GHP (LJHQZHUWSUREOHP
. \aM
 M M 0 \
a





 I  
9HUHLQIDFKHQG VHL DQJHQRPPHQ GDVV DOOH (LJHQZHUWH QXU HLQIDFK DXIWUHWHQ $OV 2SWL
PLHUXQJVNULWHULXP VHL GLH (LJHQIUHTXHQ] JHZKOW Y 
 W M VR GDVV GHU *UDGLHQW
…Y 
 GW MGS JHVXFKW LVW ’LH 3DUDPHWHU GHV 6\VWHPV VLQG LQ GHU 0DVVHQPDWUL[ XQG
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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 K  
’XUFK /LQNVPXOWLSOLNDWLRQ PLW \a
7
M YHUVFKZLQGHW DXI *UXQG GHU 6\PPHWULH YRQ
0
 07 XQG .
 .7 GHU 7HUP \a7M Æ. M M0É HQWVSUHFKHQG *OHLFKXQJ  XQG
VRPLW GLH (PSILQGOLFKNHLW GHU (LJHQYHNWRUHQ %HL 9HUZHQGXQJ PDVVHQQRUPLHUWHU (L
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 2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
EHUHFKQHW ZHUGHQ ZHQQ GLH (PSILQGOLFKNHLWHQ YRQ 6WHLILJNHLWV XQG 0DVVHQPDWUL[
EHNDQQW VLQG %HL $QZHQGXQJ DXI )LQLWH (OHPHQWH 6\VWHPH LVW HLQH H[DNWH %HUHFK




P—JOLFK ZHQQ GLH ORNDOHQ (PSILQG
OLFKNHLWHQ G.LGSN XQG G0LGSN GHU HLQ]HOQHQ )LQLWHQ (OHPHQWH EHNDQQW VLQG ’LH
JOREDOHQ (PSILQGOLFKNHLWHQ HUKOW PDQ GDQQ DQDORJ ]X GHQ JOREDOHQ 6\VWHPPDWUL]HQ
GXUFK $GGLWLRQ GHU PLW GHQ HQWVSUHFKHQGHQ -DFRELPDWUL]HQ EHZHUWHWHQ ORNDOHQ (PS
ILQGOLFKNHLWHQ ,VW HLQH DQDO\WLVFKH %HUHFKQXQJ GHU LQ  EHQ—WLJWHQ *UDGLHQWHQ
QLFKW P—JOLFK ODVVHQ VLH VLFK GXUFK QXPHULVFKH ’LIIHUHQWLDWLRQ PLW GHQ EHUHLWV HU
ZKQWHQ 6FKZLHULJNHLWHQ HUPLWWHOQ ,P *HJHQVDW] ]XU %HVWLPPXQJ GHV *UDGLHQWHQ
…Y 
 GW MGS PLWWHOV ILQLWHU ’LIIHUHQ]HQ IÚU GLH (LJHQIUHTXHQ]HQ VHOEVW EHL GHQHQ
MHZHLOV GDV (LJHQZHUWSUREOHP  JHO—VW ZHUGHQ PXVV HUJLEW VLFK PLW  LQV
EHVRQGHUH EHL JUR|HQ 6\VWHPHQ HLQH HQRUPH 5HFKHQ]HLWHUVSDUQLV
9RUDXVVHW]XQJ IÚU GLH $QZHQGEDUNHLW GHU VHPLDQDO\WLVFKHQ 9HUIDKUHQ LVW GLH 9HUZHQ
GXQJ YRUGHILQLHUWHU .ULWHULHQW\SHQ :HLWHUKLQ PXVV EHLVSLHOVZHLVH EHL GHU 6LPXODWLRQ
YRQ 0HKUN—USHUV\VWHPHQ HLQH JHVFKORVVHQH DQDO\WLVFKH )RUP GHU 6\VWHPJOHLFKXQ
JHQ LQNOXVLYH GHU .UDIWJHVHW]H YRUOLHJHQ ,Q GHU 3UD[LV ZHUGHQ NRPSOH[H .UDIWJHVHW]H
MHGRFK ]ZHFNP|LJHUZHLVH LQ VSH]LHOOHQ 8QWHUSURJUDPPHQ DEJHOHJW GLH DQ HQWVSUH
FKHQGHU 6WHOOH YRP 6LPXODWLRQVSURJUDPP DXIJHUXIHQ ZHUGHQ ,Q VROFKHQ )OOHQ ZLUG
GLH $QZHQGXQJ VHPLDQDO\WLVFKHU 9HUIDKUHQ DXIZHQGLJ XQG VFKZLHULJ (LQHQ $XVZHJ
ELHWHQ GDQQ 9HUIDKUHQ ]XP $XWRPDWLVFKHQ ’LIIHUHQ]LHUHQ *5,(:$1. (7 $/ >@ /LHJHQ
DOOH %HUHFKQXQJVYRUVFKULIWHQ VDPW GHP $OJRULWKPXV ]XU ,QWHJUDWLRQ GHU ’LIIHUHQWLDO
JOHLFKXQJHQ E]Z GHP (LJHQZHUWO—VHU DOV )2575$1 RGHU &4XHOO&RGH YRU VR NDQQ
GLHVH 6DPPOXQJ DXV YHUVFKLHGHQVWHQ 8QWHUSURJUDPPHQ GXUFK $OJRULWKPHQ GHV $X
WRPDWLVFKHQ ’LIIHUHQ]LHUHQV QDFK YRUJHJHEHQHQ (QWZXUIVYDULDEOHQ DEJHOHLWHW ZHU
GHQ (%(5+$5' >@ ’XUFK GLHVHV DXWRPDWLVLHUWH 9RUJHKHQ LVW GHU $QZHQGHU QLFKW DQ
EHVWLPPWH .ULWHULHQIRUPXOLHUXQJHQ EHL GHU 2SWLPLHUXQJ YRQ 0HKUN—USHUV\VWHPHQ
RGHU )LQLWH (OHPHQWH 6\VWHPHQ JHEXQGHQ VRQGHUQ HU NDQQ GLH .ULWHULHQ Y—OOLJ IUHL
IHVWOHJHQ
%HL HLQHU .RSSOXQJ YRQ ([SHULPHQW XQG 6LPXODWLRQ N—QQHQ ZHGHU VHPLDQDO\WLVFKH
9HUIDKUHQ QRFK GDV $XWRPDWLVFKH ’LIIHUHQ]LHUHQ HLQJHVHW]W ZHUGHQ GD GLH .ULWHULHQ
QLFKW QXU YRQ GHQ 6LPXODWLRQVJOHLFKXQJHQ VRQGHUQ DXFK YRP QLFKW H[DNW EHNDQQWHQ
G\QDPLVFKHQ 9HUKDOWHQ GHU DQJHVFKORVVHQHQ +DUGZDUH DEKQJHQ (LQH ZHLWHUH
6FKZLHULJNHLW EULQJW GDV 5DXVFKHQ YRQ 0HVVVLJQDOHQ PLW VLFK ZHOFKHV HQWZHGHU GL
UHNW RGHU LPSOL]LW ÚEHU GLH JHNRSSHOWH 6LPXODWLRQ LQ GLH (UPLWWOXQJ GHU *ÚWHNULWHULHQ
ZHUWH HLQJHKW (LQ 5DXVFKHQ GHU *ÚWHIXQNWLRQVZHUWH NDQQ DEHU DXFK EHL UHLQHQ %H
UHFKQXQJHQ DXIWUHWHQ XQG ]X ORNDOHQ 0LQLPD IÚKUHQ :HUGHQ EHL GHU QXPHULVFKHQ
,QWHJUDWLRQ GHU %HZHJXQJVJOHLFKXQJHQ 9HUIDKUHQ PLW 6FKULWWZHLWHQVWHXHUXQJ HLQJH
VHW]W VR NDQQ GHU $OJRULWKPXV GHU 6FKULWWZHLWHQ.RQWUROOH EHL 3DUDPHWHUYDULDWLRQ ]X
  2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
XQVWHWLJHQ .ULWHULHQZHUWHQ IÚKUHQ 9RQ GLHVHP 6WDQGSXQNW DXV VROOWH HLQ ,QWHJUDWLRQV
YHUIDKUHQ PLW IL[HU 6FKULWWZHLVH YHUZHQGHW ZHUGHQ DOOHUGLQJV PLW GHP 1DFKWHLO GDVV
NHLQH )HKOHUNRQWUROOH GXUFKJHIÚKUW ZLUG XQG GLH QXPHULVFKH ,QWHJUDWLRQ LQHIIL]LHQW DU
EHLWHW +$,5(5 (7 $/ >@ 6ROOHQ VWHLIH ’LIIHUHQWLDOJOHLFKXQJVV\VWHPH JHO—VW ZHUGHQ
NDQQ DXI HLQH 6FKULWWZHLWHQVWHXHUXQJ NHLQHVIDOOV YHU]LFKWHW ZHUGHQ GD VLH IÚU HLQH
QXPHULVFK VWDELOH ,QWHJUDWLRQ XQEHGLQJW QRWZHQGLJ LVW %,5$1 81' %5(,1(5 >@ ’D GHU
(LQVDW] YRQ 6LPXODWLRQHQ ]XU 2SWLPLHUXQJ G\QDPLVFKHU 6\VWHPH ZHLW YHUEUHLWHW LVW
H[LVWLHUHQ EHUHLWV HLQLJH $QVW]H IÚU GHQ 8PJDQJ PLW YHUUDXVFKWHQ .ULWHULHQZHUWHQ
&+2, 81' .(//(< >@ VFKODJHQ GLH 9HUZHQGXQJ HLQHV LPSOL]LWHQ )LOWHUV ,PSOLFLW )LOWH
ULQJ ]XU *OWWXQJ GHV 5DXVFKHQV YRU (70$1 >@ XQG 7252329 (7 $/ >@ EHYRU]XJHQ
GDV (UVHW]HQ GHU *ÚWHIXQNWLRQ LQQHUKDOE HLQHV JHJHEHQHQ *ÚOWLJNHLWVEHUHLFKV GXUFK
HLQH 0HKUSXQNW$SSUR[LPDWLRQ 0XOWL3RLQW $SSUR[LPDWLRQ 
*UXQGODJH GHV ,PSOLFLW )LOWHULQJ LVW GLH QXPHULVFKH ’LIIHUHQWLDWLRQ :LH EHUHLWV HUZKQW
VROOWH ]XU 5HGX]LHUXQJ GHV $SSUR[LPDWLRQVIHKOHUV GLH 3DUDPHWHUVW—UXQJ P—JOLFKVW
NOHLQ JHZKOW ZHUGHQ ’LHVHV 9RUJHKHQ IÚKUW MHGRFK KXILJ ]XU .RQYHUJHQ] LQ HLQHP
ORNDOHQ 0LQLPXP ’XUFK GLH :DKO JUR|HU 3DUDPHWHUVW—UXQJHQ ZHUGHQ GLHVH ORNDOHQ
0LQLPD DXVJHEOHQGHW %LOG  ’DPLW YHUEXQGHQH 8QJHQDXLJNHLWHQ LP *UDGLHQWHQ
GXUFK HLQHQ JU—|HUHQ $SSUR[LPDWLRQVIHKOHU IÚKUHQ LQ GHQ HUVWHQ ,WHUDWLRQVVFKULWWHQ
]X NHLQHQ QHQQHQVZHUWHQ 6FKZLHULJNHLWHQ VLH HUZHLVHQ VLFK MHGRFK IÚU GLH .RQYHU
JHQ] GHV 2SWLPLHUXQJVYHUIDKUHQV DOV VW—UHQG ’DKHU ZLUG EHLP ,PSOLFLW )LOWHULQJ GLH
3DUDPHWHUVW—UXQJ VFKULWWZHLVH YHUULQJHUW $OOHUGLQJV ELHWHW GDV EHVFKULHEHQH 9RUJH
KHQ NHLQH *DUDQWLH IÚU GDV ÛEHUVSULQJHQ ORNDOHU 0LQLPD XQG GLH .RQYHUJHQ] LP JOR
EDOHQ 0LQLPXP (EHQVR ZLH ORNDOH 0LQLPD NDQQ VFKOLH|OLFK DXFK GDV JOREDOH 0LQL
PXP ÚEHUVSUXQJHQ ZHUGHQ XQG GHU $OJRULWKPXV OHW]WOLFK GRFK LQ HLQHP ORNDOHQ 0LQL
PXP NRQYHUJLHUHQ
%HL GHU 0XOWL3RLQW $SSUR[LPDWLRQ ZLUG ]XQFKVW HLQ 9HNWRU GHU 6\VWHPDQWZRUWHQT
GHILQLHUW GHU LPSOL]LW YRQ GHQ (QWZXUIVYDULDEOHQ S DEKQJW $XI GLHVHU %DVLV ZLUG GLH
%LOG  $XVEOHQGHQ ORNDOHU 0LQLPD EHLP ,PSOLFLW )LOWHULQJ
ORNDOH 0LQLPD
JOREDOHV 0LQLPXP












LPSOL]LW YRQ GHQ (QWZXUIVSDUDPHWHUQ DEKQJLJH *ÚWHIXQNWLRQY S GXUFK HLQH H[SOL]LW













 K  
ZREHL GHU HUVWH 7HUP DQDO\WLVFK DXV GHQ H[SOL]LWHQ $EKQJLJNHLWHQY T HUPLWWHOW ZHU
GHQ NDQQ XQG GHU ]ZHLWH 7HUP DXV HLQHU $SSUR[LPDWLRQ GHU 6\VWHPDQWZRUWHQ DE]X
VFKW]HQ LVW 9HUHLQIDFKHQG ZLUG DQJHQRPPHQ GDVV GLH DSSUR[LPLHUWHQ 6\VWHPDQW
ZRUWHQ Ta LQ HLQHP EHJUHQ]WHQ 3DUDPHWHUEHUHLFK DXVUHLFKHQG JHQDX GXUFK GLH /LQHD



















 K  
’HU ZHVHQWOLFKH 9RUWHLO GLHVHV 9RUJHKHQV LVW GDVV GLH OLQHDULVLHUWHQ 6\VWHPDQWZRUWHQ
LQ GHU 5HJHO LQ HLQHP ZHVHQWOLFK JU—|HUHQ 3DUDPHWHUEHUHLFK JÚOWLJ VLQG DOV HLQH /L
QHDULVLHUXQJ GHU .ULWHULHQ VHOEVW :HQQ GLH *U—|H GHV *ÚOWLJNHLWVEHUHLFKV IHVWJHOHJW
LVW NDQQ HLQH 2SWLPLHUXQJ PLW GHU DSSUR[LPLHUWHQ *ÚWHIXQNWLRQ Y Ta GXUFKJHIÚKUW
ZHUGHQ RKQH GDVV HLQH DXIZHQGLJH $XVZHUWXQJ GHV .ULWHULXPVY S QRWZHQGLJ LVW
)ÚU GLH *U—|H GHV *ÚOWLJNHLWVEHUHLFKV HPSILHKOW (70$1 GDV LQ %LOG  GDUJHVWHOOWH
9RUJHKHQ














 %HUHLFK ZLUG YHUNOHLQHUW IDOOV GHU $SSUR[LPDWLRQVIHKOHU GXUFK GLH /LQHDULVLH
UXQJ JUR| LP 9HUJOHLFK ]XP 5DXVFKDQWHLO LVW
 %HUHLFK ZLUG YHUJU—|HUW IDOOV GHU $SSUR[LPDWLRQVIHKOHU NOHLQ LP 9HUJOHLFK
]XP 5DXVFKDQWHLO LVW
 %HUHLFK ZLUG KDOELHUW IDOOV VLFK GHU .ULWHULHQZHUW QLFKW PHKU VWDUN YHUULQJHUW
(LQ 3UREOHP EHL GHU $QZHQGXQJ GHV 9HUIDKUHQV LVW GDVV GHU GXUFK QXPHULVFKH )HK
OHU YHUXUVDFKWH 5DXVFKDQWHLO PHLVW QLFKW D SULRUL EHNDQQW LVW VRQGHUQ GXUFK YLHOH .ULWH
ULHQDXVZHUWXQJHQ HUPLWWHOW ZHUGHQ PXVV 8QWHUVXFKXQJHQ YRQ (70$1 KDEHQ MHGRFK
JH]HLJW GDVV GLH 0HKUSXQNW$SSUR[LPDWLRQ DXFK PLW VFKOHFKW JHVFKW]WHQ 5DXVFK
DQWHLOHQ HLQ ]XIULHGHQ VWHOOHQGHV .RQYHUJHQ]YHUKDOWHQ ]HLJW XQG ZHQLJH .ULWHULHQDXV
ZHUWXQJHQ ]XU (UPLWWOXQJ GHV 0LQLPLHUHUV HUIRUGHUOLFK VLQG
 $SSUR[LPDWLRQVYHUIDKUHQ
%HL GHQ PRGHOOEDVLHUHQGHQ 2SWLPLHUXQJVYHUIDKUHQ ZLUG GLH *ÚWHIXQNWLRQ GXUFK HLQH
LQ GHQ (QWZXUIVYDULDEOHQ H[SOL]LWH )XQNWLRQ DSSUR[LPLHUW ’D]X ZHUGHQ )XQNWLRQVZHUW
Y  *UDGLHQW …Y XQG HYHQWXHOO +HVVH0DWUL[ …Y LP PRPHQWDQHQ 3DUDPHWHUSXQNW
S DXVJHZHUWHW $QVFKOLH|HQG ZLUG GLH VR HUPLWWHOWH )XQNWLRQ PLQLPLHUW RKQH GDVV
ZHLWHUH )XQNWLRQVDXVZHUWXQJHQ HUIROJHQ ’DV (UJHEQLV GLHVHU 0LQLPLHUXQJ GLHQW
GDQQ DOV 6WDUWZHUW HLQHV ZHLWHUHQ ,WHUDWLRQVVFKULWWV GHU DXI QHXHQ ,QIRUPDWLRQHQ ÚEHU
)XQNWLRQVZHUW XQG (PSILQGOLFKNHLWHQ DXIEDXW ’LHVH 9HUIDKUHQ NRQYHUJLHUHQ VHKU
UDVFK ZHQQ GLH $SSUR[LPDWLRQ HLQH JXWH 1KHUXQJ GHU *ÚWHIXQNWLRQ GDUVWHOOW ’D GHU
$OJRULWKPXV LQ GHU 5HJHO MHGRFK NHLQH ,QIRUPDWLRQ ÚEHU GHQ *ÚOWLJNHLWVEHUHLFK GHU
1KHUXQJ EHVLW]W NDQQ GHU 0LQLPLHUHU GHU $SSUR[LPDWLRQ VRJDU HLQH 9HUVFKOHFKWH
UXQJ GHV WDWVFKOLFKHQ .ULWHULHQZHUWV PLW VLFK EULQJHQ ’LHVHV 3UREOHP ZLUG EHLP
643 9HUIDKUHQ GXUFK GLH /LQLHQVXFKH JHO—VW
’XUFK GLH (LQIÚKUXQJ HLQHV *ÚOWLJNHLWVEHUHLFKV IÚU GLH $SSUR[LPDWLRQ ZLH VLH EHL GHU
0HKUSXQNW$SSUR[LPDWLRQ YHUZHQGHW ZLUG NDQQ GLH /LQLHQVXFKH YHUPLHGHQ ZHUGHQ
’DEHL ZHUGHQ LQQHUKDOE GHV *ÚOWLJNHLWVEHUHLFKV PHKUHUH .ULWHULHQDXVZHUWXQJHQ
GXUFKJHIÚKUW XQG PLWWHOV HLQHU 5HJUHVVLRQVDQDO\VH .RHIIL]LHQWHQ GHU $SSUR[LPDWLRQV
O—VXQJ HUPLWWHOW 7\SLVFKH $SSUR[LPDWLRQHQ HUKOW PDQ GXUFK (QWZLFNOXQJ GHU 7D\ORU












 Y L …Y L7 ’S 

’S7 …Y L ’S  
’LH GXUFK 5HJUHVVLRQ ]X HUPLWWHOQGHQ .RHIIL]LHQWHQ VLQG GHU VNDODUH :HUWY L  K .R
HIIL]LHQWHQ GHV *UDGLHQWHQYHNWRUV …Y L VRZLH EHL GHU TXDGUDWLVFKHQ $SSUR[LPDWLRQ
KK  .RHIIL]LHQWHQ GHU V\PPHWULVFKHQ +HVVH0DWUL[…Y L =XU %HVWLPPXQJ
GLHVHU .RHIIL]LHQWHQ PÚVVHQ PLQGHVWHQV VR YLHOH )XQNWLRQVDXVZHUWXQJHQ ZLH 8QEH
NDQQWH YRUOLHJHQ ZHLWHUH $XVZHUWXQJHQ ZHUGHQ ]XU )HKOHUPLQLPLHUXQJ YHUZHQGHW
’XUFK GHQ XQWHUVFKLHGOLFKHQ $XIZDQG HUJLEW VLFK HLQ (QWVFKHLGXQJVNRQIOLNW ]ZLVFKHQ
OLQHDUHP $QVDW] XQG TXDGUDWLVFKHU 1KHUXQJ ’HU *HZLQQ HLQHV JU—|HUHQ *ÚOWLJ
NHLWVEHUHLFKV DXI *UXQG GHU JHQDXHUHQ $SSUR[LPDWLRQ ZLUG EHL OHW]WHUHP PLW PHKU
)XQNWLRQVDXVZHUWXQJHQ EH]DKOW GD GLH ’LPHQVLRQ GHV (QWZXUIVUDXPV TXDGUDWLVFK
LQ GLH $Q]DKO GHU QRWZHQGLJHQ $XVZHUWXQJHQ HLQJHKW ’DKHU LVW GLH 5HJUHVVLRQ DXI
%DVLV HLQHU OLQHDUHQ 1KHUXQJ JÚQVWLJHU IDOOV GHU $XIZDQG ]XU %HUHFKQXQJ YRQ .ULWH
ULHQ VHKU KRFK LVW ’LH $XVZHUWXQJ GHV .ULWHULXPV Y DQ Q (QWZXUIVSXQNWHQ SN
N









































]XU %HVWLPPXQJ GHV .ULWHULHQZHUWV Y L XQG GHV *UDGLHQWHQYHNWRUV …Y L DP %H]XJV
SXQNW SL (QWVSUHFKHQG GHU $Q]DKOQ GHU $XVZHUWXQJHQ LP 9HUJOHLFK ]XU =DKOK 
GHU 8QEHNDQQWHQ XQWHUVFKHLGHW PDQ
Q K  XQWHUEHVWLPPWHV *OHLFKXQJVV\VWHP
/—VXQJ QLFKW HLQGHXWLJ EHVWLPPEDU
Q
 K  *OHLFKXQJVV\VWHP H[DNW O—VEDU IDOOV .RHIIL]LHQWHQPDWUL[ UHJXOU
Q K  ÚEHUEHVWLPPWHV *OHLFKXQJVV\VWHP
,P )DOO HLQHU TXDGUDWLVFKHQ .RHIIL]LHQWHQPDWUL[ Q
 K  XQWHUVFKHLGHW VLFK GDV
9RUJHKHQ QXU GDGXUFK YRQ GHU QXPHULVFKHQ ’LIIHUHQWLDWLRQ GDVV GLH 3DUDPHWHUVW—
UXQJHQ SN S
L QLFKW LQ 5LFKWXQJ HLQHV (LQKHLWVYHNWRUV LP 3DUDPHWHUUDXP ZHLVHQ
VRQGHUQ ZLOONÚUOLFK IHVWJHOHJW ZHUGHQ N—QQHQ (V LVW MHGRFK ]X JHZKUOHLVWHQ GDVV
GLH .RHIIL]LHQWHQPDWUL[ GHQ 5DQJ Q KDW
)DOOV PHKU DOV K  3DUDPHWHUZHUWH DXVJHZHUWHW ZHUGHQ LVW HLQH H[DNWH /—VXQJ GHV
*OHLFKXQJVV\VWHPV QXU P—JOLFK ZHQQ GLH *ÚWHIXQNWLRQ WDWVFKOLFK OLQHDU LQ GHQ (QW
ZXUIVYDULDEOHQ LVW DOVR GHU $SSUR[LPDWLRQVIHKOHU YHUVFKZLQGHW XQG NHLQ 5DXVFKHQ
EHL GHU $XVZHUWXQJ GHU .ULWHULHQ YRUOLHJW ,Q GHU 5HJHO ZLUG PDQ QXU HLQH 1KHUXQJV
  2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
O—VXQJ IÚU GDV ÚEHUEHVWLPPWH *OHLFKXQJVV\VWHP EHVWLPPHQ N—QQHQ ’LHVH /—VXQJ
GHV OLQHDUHQ $XVJOHLFKVSUREOHPV VROO GHQ QLFKW YHUPHLGEDUHQ )HKOHU GHV *OHLFKXQJV
V\VWHPV PLQLPLHUHQ 0LQLPLHUW PDQ GHQ )HKOHU QDFK GHU 0HWKRGH GHU NOHLQVWHQ )HK
OHUTXDGUDWH VR NDQQ GLH /—VXQJ PLW +LOIH GHU 45=HUOHJXQJ GHU .RHIIL]LHQWHQPDWUL[
HIIHNWLY EHUHFKQHW ZHUGHQ
%HL GHU (QWZLFNOXQJ YRQ 2SWLPLHUXQJVDOJRULWKPHQ ZDU 6SHLFKHUHIIL]LHQ] QHEHQ GHU
.RQYHUJHQ]JHVFKZLQGLJNHLW VWHWV HLQ ZLFKWLJHU )DNWRU ’XUFK GLH :HLWHUHQWZLFNOXQJ
GHU 5HFKHQWHFKQLN VWHKW KHXWH HLQHP PRGHUQHQ 3& PHKU +DXSWVSHLFKHU ]XU 9HUIÚ
JXQJ DOV YRU  -DKUHQ )HVWSODWWHQNDSD]LWW ’HVKDOE LVW HV RKQH ZHLWHUHV P—JOLFK
DOOH LP /DXIH GHU 2SWLPLHUXQJ EHUHFKQHWHQ .ULWHULHQ PLW GHQ HQWVSUHFKHQGHQ 3DUD
PHWHUYHNWRUHQ IÚU HLQH ZHLWHUH 9HUZHQGXQJ DE]XVSHLFKHUQ ’LHVHV 9RUJHKHQ VFKHLQW
LQVEHVRQGHUH GDQQ YRUWHLOKDIW ZHQQ GLH %HUHFKQXQJ HLQHV .ULWHULHQZHUWV VHKU DXI
ZHQGLJ LVW 0LW GHQ ]ZLVFKHQJHVSHLFKHUWHQ .ULWHULHQZHUWHQ OVVW VLFK GLH 0HKUSXQNW
$SSUR[LPDWLRQ IROJHUGHUPD|HQ DEZDQGHOQ %LOG  %HLP 6WDUW GHU 2SWLPLHUXQJ ZHU
GHQ HLQ *ÚOWLJNHLWVEHUHLFK8L IÚU GLH OLQHDUH $SSUR[LPDWLRQ GHU *ÚWHIXQNWLRQ IHVWJH
OHJW XQG GXUFK $XVZHUWXQJ GHU *ÚWHIXQNWLRQ DQ PLQGHVWHQVK  3DUDPHWHUSXQN
WHQ SMX 8
L )XQNWLRQVZHUW Y L XQG *UDGLHQW …Y L PLWWHOV 5HJUHVVLRQVDQDO\VH
 EHVWLPPW $XIEDXHQG DXI GLHVHQ ,QIRUPDWLRQHQ VFKOJW GHU 2SWLPLHUXQJVDOJR
ULWKPXV HLQHQ QHXHQ 3DUDPHWHU SL YRU GHU DXFK DX|HUKDOE GHV *ÚOWLJNHLWVEH
UHLFKV OLHJHQ NDQQ :LUG GDEHL GLH ]XU 9HUPHLGXQJ YRQ ,QVWDELOLWWHQ YRUJHJHEHQH
PD[LPDOH 6FKULWWZHLWH ÚEHUVFKULWWHQ VR ZLUG GHU YRUJHVFKODJHQH (QWZXUI DXI GLH
*UHQ]HQ GHV 6LFKHUKHLWVEHUHLFKV 5L YHUVFKREHQ 8P GHQ VR HUKDOWHQHQ :HUWSL
ZLUG ZLHGHUXP HLQ *ÚOWLJNHLWVEHUHLFK IHVWJHOHJW LQ ZHOFKHP EHUHLWV DXVJHZHUWHWH
(QWZXUIVSXQNWH OLHJHQ N—QQHQ ’HPHQWVSUHFKHQG ZHQLJHU )XQNWLRQVDXVZHUWXQJHQ
VLQG IÚU HLQH ZHLWHUH $SSUR[LPDWLRQ GHU *ÚWHIXQNWLRQ HUIRUGHUOLFK *UR|H (LQVSDUXQ
JHQ GXUFK ZHQLJHU *ÚWHIXQNWLRQVDXVZHUWXQJHQ VLQG LQVEHVRQGHUH DP (QGH GHU 2S
WLPLHUXQJ ]X HUZDUWHQ ZHQQ VLFK GLH 3DUDPHWHUZHUWH QXU QRFK LQ NOHLQHQ 6FKULWWHQ
QGHUQ
%LOG  $SSUR[LPDWLRQVYHUIDKUHQ IU ([SHULPHQWJHNRSSHOWH 2SWLPLHUXQJ





















’DV KLHU EHVFKULHEHQH $SSUR[LPDWLRQVNRQ]HSW XQWHUVFKHLGHW VLFK LQ HLQHP ZHVHQWOL
FKHQ 3XQNW YRQ GHU YRQ (70$1 >@ YHUZHQGHWHQ 0HKUSXQNW$SSUR[LPDWLRQ %HL GHU
0HKUSXQNW$SSUR[LPDWLRQ ZLUG HLQ *ÚOWLJNHLWVEHUHLFK VWDWLVFK IHVWJHOHJW XQG HLQH $S
SUR[LPDWLRQ GHU *ÚWHIXQNWLRQ DXI %DVLV PHKUHUHU )XQNWLRQVDXVZHUWXQJHQ GXUFKJH
IÚKUW $QVFKOLH|HQG HUIROJW HLQH 2SWLPLHUXQJ DXI %DVLV GLHVHU $SSUR[LPDWLRQ RKQH
ZHLWHUH )XQNWLRQVDXVZHUWXQJHQ GHU RULJLQDOHQ *ÚWHIXQNWLRQ 1DFKGHP HLQ 2SWLPLHUHU
LQQHUKDOE RGHU DP 5DQGH GHV *ÚOWLJNHLWVEHUHLFKV JHIXQGHQ LVW ZLUG HLQ QHXHU *ÚOWLJ
NHLWVEHUHLFK IHVWJHOHJW XQG GDV 9HUIDKUHQ ZLHGHUKROW ’LHVHV 9RUJHKHQ KDW GHQ 1DFK
WHLO GDVV GDV (UJHEQLV GHV MHZHLOLJHQ 2SWLPLHUXQJVVFKULWWHV DXVVFKOLH|OLFK YRQ GHU
DP $QIDQJ IHVWJHOHJWHQ $SSUR[LPDWLRQ DEKQJW )DOOV GLH $SSUR[LPDWLRQ GLH ZDKUH
*ÚWHIXQNWLRQ XQJHQÚJHQG QDFKELOGHW NDQQ GDV LQ HLQHP 7HLOVFKULWW HUPLWWHOWH =ZL
VFKHQHUJHEQLV HLQH 9HUVFKOHFKWHUXQJ RGHU HLQHQ QLFKW ]XOVVLJHQ 3XQNW GDUVWHOOHQ
’LHVHV 3UREOHP VROO YHUPLHGHQ ZHUGHQ LQGHP GHU *ÚOWLJNHLWVEHUHLFK QLFKW VWDWLVFK
YRUJHJHEHQ ZLUG VRQGHUQ VLFK G\QDPLVFK PLW MHGHP QHXHQ 9RUVFKODJ GHV 2SWLPLH
UXQJVDOJRULWKPXV LP 3DUDPHWHUUDXP EHZHJW ’DGXUFK LVW JHZKUOHLVWHW GDVV GLH
PRPHQWDQH $SSUR[LPDWLRQ GHU *ÚWHIXQNWLRQ VWHWV DXI )XQNWLRQVDXVZHUWXQJHQ EH
UXKW GLH LQ GHU XQPLWWHOEDUHQ 8PJHEXQJ GHV PRPHQWDQHQ (QWZXUIV OLHJHQ
%HL %HUHFKQXQJHQ NDQQ GDYRQ DXVJHJDQJHQ ZHUGHQ GDVV ]ZHL 6LPXODWLRQHQ PLW
GHQVHOEHQ 3DUDPHWHUQ HLQ LGHQWLVFKHV (UJHEQLV OLHIHUQ XQG HLQ 5DXVFKHQ GHU *ÚWH
IXQNWLRQVZHUWH QXU DXI UHSURGX]LHUEDUHQ 5HFKHQXQJHQDXLJNHLWHQ XQG 5XQGXQJVIHK
OHUQ EHUXKW ,P *HJHQVDW] GD]X PXVV PDQ EHL GHU (UPLWWOXQJ YRQ *ÚWHIXQNWLRQVZHU
WHQ DXI %DVLV YRQ 0HVVXQJHQ PLW ]XIOOLJHQ 8QJHQDXLJNHLWHQ UHFKQHQ GLH GD]X IÚK
UHQ GDVV HLQH PHKUPDOLJH $XVZHUWXQJ PLW GHQVHOEHQ (QWZXUIVSDUDPHWHUQ XQWHU
VFKLHGOLFKH :HUWH OLHIHUW 8P GLHVHV ]XVW]OLFKH 3UREOHP ]X O—VHQ NDQQ GLH 0HVVXQVL
FKHUKHLW GXUFK ZLHGHUKROWH 0HVVXQJHQ YHUULQJHUW ZHUGHQ 1DFK GHQ *UXQGODJHQ GHU
:DKUVFKHLQOLFKNHLWVWKHRULH NDQQ GLH IÚU HLQH JHVLFKHUWH 0LWWHOZHUWELOGXQJ QRWZHQGLJH
6WLFKSUREHQJU—|H EHVWLPPW ZHUGHQ %26&+ >@ ’LHVHV 9RUJHKHQ IÚKUW MHGRFK ]X
HLQHU JUR|HQ $Q]DKO QRWZHQGLJHU 9HUVXFKH XQG LVW GHVKDOE LQDN]HSWDEHO 9RU GHP
+LQWHUJUXQG HLQHU P—JOLFKVW JHULQJHQ $Q]DKO GXUFK]XIÚKUHQGHU ([SHULPHQWH HU
VFKHLQW HV VLQQYROO PHKUHUH 9HUVXFKH PLW YHUVFKLHGHQHQ 3DUDPHWHUQ GXUFK]XIÚKUHQ
GLH GDQQ JOHLFK]HLWLJ LQ HLQH $SSUR[LPDWLRQ GHU *ÚWHIXQNWLRQ HLQIOLH|HQ N—QQHQ 8P
IÚU GLH $SSUR[LPDWLRQ MHGHU]HLW DXI GLH (UJHEQLVVH EHUHLWV GXUFKJHIÚKUWHU ([SHUL
PHQWH ]XUÚFNJUHLIHQ ]X N—QQHQ XQG XP HLQH JUDSKLVFKH ’DUVWHOOXQJ GHU 5HVXOWDWH
ZLH VLH YRQ 67$71,.29 81' 0$78629 >@ YRUJHVFKODJHQ ZLUG GXUFKIÚKUHQ ]X N—QQHQ
ZHUGHQ DOOH HUPLWWHOWHQ :HUWH DEJHVSHLFKHUW
’DV EHVFKULHEHQH $SSUR[LPDWLRQVNRQ]HSW DXI GHU %DVLV HLQHU OLQHDUHQ $QVDW]IXQN
WLRQ KDW GHQ 9RUWHLO GDVV GLH $SSUR[LPDWLRQ GLH IÚU HLQH $QZHQGXQJ YRQ *UDGLHQWHQ
YHUIDKUHQ QRWZHQGLJHQ $EOHLWXQJHQ EHLQKDOWHW ’LHVH 7DWVDFKH VFKOLH|W MHGRFK QLFKW
  2SWLPLHUXQJVVRIWZDUHXPJHEXQJ
GLH $QZHQGXQJ GHU $SSUR[LPDWLRQ LQ 9HUELQGXQJ PLW JUDGLHQWHQIUHLHQ 2SWLPLHUXQJV
YHUIDKUHQ DXV *HUDGH EHL GHU 9HUZHQGXQJ GHU 6LPSOH[0HWKRGH GLH LQ GHU 1KH
GHV 2SWLPLHUHUV HLQH VFKOHFKWH .RQYHUJHQ] PLW ]DKOUHLFKHQ *ÚWHIXQNWLRQVDXIUXIHQ
DXIZHLVW IÚKUW GLH $SSUR[LPDWLRQVPHWKRGH ]X HLQHU ZHVHQWOLFKHQ 5HGXNWLRQ GHU QRW
ZHQGLJHQ )XQNWLRQVDXVZHUWXQJHQ E]Z ([SHULPHQWH
’D GLH $Q]DKO GHU QRWZHQGLJHQ ([SHULPHQWH PLW GHU =DKO GHU (QWZXUIVYDULDEOHQ ]X
QLPPW HPSILHKOW VLFK HLQH ’LPHQVLRQVHLQVFKUQNXQJ GHV 3DUDPHWHUUDXPV 3DUDPH
WHU GLH ZHQLJ (LQIOXVV DXI GHQ :HUW GHU *ÚWHIXQNWLRQ KDEHQ VROOWHQ YRU GHP 2SWLPLH
UXQJVODXI HUPLWWHOW ZHUGHQ XP GLH 2SWLPLHUXQJ DXI %DVLV GHU VHQVLWLYHQ 3DUDPHWHU
GXUFK]XIÚKUHQ :,00(5 >@ YHUZHQGHW IÚU GLHVHV 6FUHHQLQJ GHU 3DUDPHWHU IUDNWLR
QHOOH IDNWRULHOOH 9HUVXFKVSOQH $QGHUH 0—JOLFKNHLWHQ IÚU HLQH ORNDOH (PSILQGOLFK
NHLWVDQDO\VH VLQG GLH 9HUZHQGXQJ )LQLWHU ’LIIHUHQ]HQ RGHU GLH 5HJUHVVLRQVDQDO\VH
7DEHOOH  ]HLJW GLH 9RU XQG 1DFKWHLOH GHU GUHL 0HWKRGHQ )ÚU GLH $QZHQGXQJ LQ
9HUELQGXQJ PLW 0HVVXQJHQ VLQG )LQLWH ’LIIHUHQ]HQ XQJHHLJQHW GD 0HVVIHKOHU LQ GLH
(PSILQGOLFKNHLWVDQDO\VH HLQJHKHQ ’DV 3DUDPHWHU6FUHHQLQJ KDW GHQ 1DFKWHLO GDVV
VHKU YLHOH 0HVVXQJHQ GXUFK]XIÚKUHQ VLQG ZDV EHL XPIDQJUHLFKHQ 9HUVXFKHQ VHKU
DXIZHQGLJ LVW ’LH 5HJUHVVLRQVDQDO\VH ELHWHW HLQHQ 0LWWHOZHJ ]ZLVFKHQ GHU $Q]DKO
GHU GXUFK]XIÚKUHQGHQ 0HVVXQJHQ XQG )HKOHUPLQLPLHUXQJ GHU (PSILQGOLFKNHLWVDQD
O\VH GXUFK 0LWWHOXQJ
7DEHOOH  9HUJOHLFK YRQ 0HWKRGHQ ]XU (UPLWWOXQJ VHQVLWLYHU 2SWLPLHUXQJVSDUDPHWHU
.DWHJRULH 6FUHHQLQJ 5HJUHVVLRQVDQDO\VH )LQLWH ’LIIHUHQ]HQ
*UXQGODJH IUDNWLRQHOOH IDNWRULHOOH9HUVXFKVSOQH
OLQHDUH 5HJUHVVLRQ





0RGHOO NHLQ IXQNWLRQDOHU=XVDPPHQKDQJ H[SOL]LW OLQHDU LPSOL]LW OLQHDU
=DKO GHU





























%HLP 9LUWXHOOHQ 3URWRW\SLQJ ZLUG HLQ UHDOHV 6\VWHP DXI HLQ 5HFKHQPRGHOO DEJHELOGHW
DQ GHP 9DULDQWHQ HLQIDFK HUSUREW ZHUGHQ N—QQHQ ’LH 9RUWHLOH GLHVHV 9RUJHKHQV OLH
JHQ LP =HLWYRUVSUXQJ EHL GHU (QWZLFNOXQJ GD GHU %DX YLHOHU UHDOHU 3URWRW\SHQ ÚEHU
IOÚVVLJ ZLUG XQG LQ HLQHP EHVVHUHQ 6\VWHPYHUVWQGQLV GXUFK HLQIDFKH 9HUJOHLFKV
P—JOLFKNHLW YHUVFKLHGHQHU (QWZÚUIH ’DUÚEHU KLQDXV ELHWHW GDV 9RUOLHJHQ HLQHV YLU
WXHOOHQ 3URWRW\SV HLQH JUR|H &KDQFH IÚU GHQ (LQVDW] YRQ 2SWLPLHUXQJVYHUIDKUHQ 6L
PXODWLRQVPRGHOOH N—QQHQ PLW +LOIH YRQ $OJRULWKPHQ RSWLPLHUW ZHUGHQ LQGHP EH
VWLPPWH (QWZXUIVYDULDEOHQ LQQHUKDOE YRUJHJHEHQHU *UHQ]HQ PLW GHP =LHO YDULLHUW ZHU
GHQ HLQ JHZÚQVFKWHV G\QDPLVFKHV 6\VWHPYHUKDOWHQ ]X HUUHLFKHQ ’LHVH V\VWHPDWL
VFKH 6XFKH QDFK RSWLPDOHQ (QWZXUIVSDUDPHWHUQ JHJHQÚEHU GHP KHUN—PPOLFKHQ
$XVSURELHUHQ PHKUHUHU DOWHUQDWLYHU (QWZÚUIH IÚKUW ]X EHVVHUHQ 3URGXNWHQ LQ NÚU]HUHU
=HLW
,Q GHU 3UD[LV ZLUG GLH 6LPXODWLRQVEDVLHUHQGH 2SWLPLHUXQJ DXI XPIDQJUHLFKH 0RGHOOH
PLW ]DKOUHLFKHQ (QWZXUIVYDULDEOHQ DQJHZDQGW ’LH IROJHQGHQ $EVFKQLWWH VROOHQ GDJH
JHQ QXU GDV SULQ]LSLHOOH 9RUJHKHQ ]HLJHQ XQG EHVFKUQNHQ VLFK DXI HLQIDFKH 0RGHOOH
PLW ZHQLJHQ (QWZXUIVYDULDEOHQ XP GLH YRUJHVWHOOWHQ 9HUIDKUHQ ]X 7HVW]ZHFNHQ DXI
UHODWLY HLQIDFKH 6\VWHPH DQ]XZHQGHQ 1HEHQ GHQ VNDODUHQ 2SWLPLHUXQJVDOJRULWKPHQ
XQG 9HUIDKUHQ ]XU (PSILQGOLFKNHLWVDQDO\VH VROOHQ GDEHL DXFK 0HKUNULWHULHQRSWLPLH
UXQJVVWUDWHJLHQ XQWHUVXFKW VRZLH P—JOLFKH ’DUVWHOOXQJHQ YHUVFKLHGHQHU 3DUHWRRSWL
PDOHU /—VXQJHQ EHL K—KHUGLPHQVLRQDOHQ .ULWHULHQUXPHQ DOV $XVZDKOKLOIH IÚU GHQ
$QZHQGHU DXIJH]HLJW ZHUGHQ
 2SWLPLHUXQJ GHV =HLWYHUKDOWHQV HLQHV )DKU]HXJPRGHOOV
=XU ÛEHUSUÚIXQJ GHU LP HQWZLFNHOWHQ 6RIWZDUHSDNHW LPSOHPHQWLHUWHQ VNDODUHQ 2SWL
PLHUXQJVYHUIDKUHQ VROO GLH 2SWLPLHUXQJ HLQHV HLQIDFKHQ WHFKQLVFKHQ 6\VWHPV PLW
YHUVFKLHGHQHQ $OJRULWKPHQ GXUFKJHIÚKUW ZHUGHQ =XP 9HUJOHLFK ZHUGHQ (UJHEQLVVH
GHU 2SWLPLHUXQJ PLW GHP 3URJUDPP $,06 $QDO\VLQJ DQG ,PSURYLQJ 0XOWLERG\ 6\V
WHPV %(67/( 81' (%(5+$5' >@ KHUDQJH]RJHQ ’RUW LVW X D HLQ 643 $OJRULWKPXV
YRQ 6&+,77.2:6., >@ XQG GLH %HUHFKQXQJ GHU *UDGLHQWHQ QDFK GHU $GMXQJLHUWHQ
  9LUWXHOOHV 3URWRW\SLQJ
9DULDEOHQ 0HWKRGH LPSOHPHQWLHUW $OV ,QWHUJUDWLRQVYHUIDKUHQ ]XU /—VXQJ GHU %HZH
JXQJVJOHLFKXQJHQ XQG GHU ’LIIHUHQWLDOJOHLFKXQJHQ GHU DGMXQJLHUWHQ 9DULDEOHQ ZLUG
HLQ 0HKUVFKULWWYHUIDKUHQ YRQ 6+$03,1( 81' *25'21 >@ HLQJHVHW]W
=X RSWLPLHUHQ LVW GDV G\QDPLVFKH 9HUKDOWHQ HLQHV )DKU]HXJV EHLP ÛEHUIDKUHQ HLQHU
%RUGVWHLQNDQWH GHU +—KH X

 %(67/( 81' (%(5+$5' >@ )ÚU GLH %HUHFKQXQJ ZLUG HLQ
9LHUWHOIDKU]HXJ0RGHOO PLW HODVWLVFKHQ 5HLIHQ VRZLH JHGPSIWHODVWLVFKHQ 5DG XQG
0RWRUDXIKQJXQJHQ KHUDQJH]RJHQ %LOG  0LW GHP /DJHYHNWRU \
 >[D [P [U@7
XQG GHQ YHUDOOJHPHLQHUWHQ *HVFKZLQGLJNHLWHQ ]















































































’LH 6LPXODWLRQ ZLUG DXV GHU 5XKHODJH JHVWDUWHW VR GDVV GLH $QIDQJVEHGLQJXQJHQ
GXUFK
\
   ]
  
IHVWJHOHJW VLQG $OV (QWZXUIVSDUDPHWHU ZHUGHQ 6WHLILJNHLW XQG ’PSIXQJ GHV )DKU












)ÚU GLH 2SWLPLHUXQJ ZHUGHQ ]XU %HZHUWXQJ GHU )DKUVLFKHUKHLW GLH 5DGODVWVFKZDQ
NXQJHQ XQG IÚU GHQ )DKUNRPIRUW GLH ]HLWEHZHUWHWHQ $XIEDXEHVFKOHXQLJXQJ EHLP
















D GW  
’DEHL VLQG GLH 6NDOLHUXQJVIDNWRUHQ VR JHZKOW GDVV GLH .ULWHULHQZHUWH EHL 9HUZHQ







PLW YRUJHJHEHQHU (QG]HLW W
HQG
IHVWJHOHJW =XU 9HUPHLGXQJ YRQ 5HVRQDQ]HQ ZLUG DOV
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  9LUWXHOOHV 3URWRW\SLQJ









   
%LOG  ]HLJW ]XQFKVW GLH (UJHEQLVVH GHU )DKU]HXJRSWLPLHUXQJ ’LH ’HILQLWLRQ GHU
.ULWHULHQ HQWVSULFKW HLQHU $EELOGXQJ GHV GXUFK GLH 3DUDPHWHUVFKUDQNHQ GHILQLHUWHQ
4XDGHUV LP 3DUDPHWHUUDXP DXI GLH JUDX GDUJHVWHOOWH 0HQJH GHU .ULWHULHQZHUWH? LP
.ULWHULHQUDXP (LQH UHLQH 2SWLPLHUXQJ GHV )DKUNRPIRUWVY

IÚKUW DXI GDV 3DUHWR2SWL
PXP  ’LH 6WHLILJNHLW GHV )DKUZHUNV OLHJW HEHQVR ZLH GLH 0RWRUPDVVH DQ GHU XQ
WHUHQ *UHQ]H XQG DXFK GLH ’PSIXQJ OLHJW LP XQWHUHQ %HUHLFK GHU ]XOVVLJHQ 3DUD
PHWHU ’XUFK HLQH ]XQHKPHQGH %HUÚFNVLFKWLJXQJ GHU )DKUVLFKHUKHLWY

ZLUG ]X
QFKVW GLH ’PSIXQJ VSWHU DXFK GLH 0RWRUPDVVH HUK—KW ELV GDV 3DUHWR2SWLPXP
 HUUHLFKW LVW (LQH ZHLWHUH 9HUEHVVHUXQJ GHU )DKUVLFKHUKHLW YRQ QDFK  ZLUG LP
:HVHQWOLFKHQ GXUFK K—KHUH )HGHUVWHLILJNHLWHQ HU]LHOW ’LH 0RWRUPDVVH NDQQ GDEHL
QLFKW ZHLWHU YHUJU—|HUW ZHUGHQ GD GLH 8QJOHLFKXQJVQHEHQEHGLQJXQJ  DNWLY ZLUG
9HUQDFKOVVLJW PDQ GHQ .RPIRUW Y—OOLJ XQG EHZHUWHW QXU GLH )DKUVLFKHUKHLW VR HUKOW
PDQ VFKOLH|OLFK GDV 3DUHWR2SWLPXP  ,Q GHU 3UD[LV IÚKUW HLQH ZHLFKH )HGHUXQJ
ZLH VLH GXUFK GDV 2SWLPXP  JHIRUGHUW LVW ]X QLFKW UHDOLVLHUEDU JUR|HQ )HGHUZHJHQ
0,76&+.( >@ .RPIRUWDEOH /LPRXVLQHQ ZHUGHQ GHVKDOE HWZD LQ GHU 0LWWH ]ZLVFKHQ
3XQNW  XQG  DQJHVLHGHOW VHLQ ZKUHQG HLQH VSRUWOLFKH )DKU]HXJDXVOHJXQJ LP
%HUHLFK GHV 2SWLPXPV  OLHJW )ÚU GLH EHLGHQ JHZKOWHQ $XVOHJXQJVNULWHULHQ LVW
MHGRFK GHU (LQIOXVV GHU 0RWRUPDVVH YHUJOLFKHQ PLW GHQ (QWZXUIVSDUDPHWHUQ 6WHLILJ
NHLW XQG ’PSIXQJ JHULQJ
:HQQ PHKU DOV GUHL .ULWHULHQ EHL GHU 2SWLPLHUXQJ ]X EHUÚFNVLFKWLJHQ VLQG ZLH HV EHL
YLHOHQ 3UREOHPVWHOOXQJHQ GHU 0HKUNULWHULHQRSWLPLHUXQJ GHU )DOO LVW YHUVDJHQ GLH ELV
KHU HLQJHVHW]WHQ JUDSKLVFKHQ ’DUVWHOOXQJVP—JOLFKNHLWHQ ’D HLQH JUDSKLVFKH ,QIRU
PDWLRQ ÚEHU GLH HUPLWWHOWHQ 3DUHWRRSWLPDOHQ /—VXQJHQ LQ MHGHP )DOO DXVVDJHNUIWL
JHU LVW DOV GLH $XIOLVWXQJ SXUHU =DKOHQNRORQQHQ VFKOJW 67(8(5 >@ YHUVFKLHGHQH $O
WHUQDWLYHQ YRU GLH DXI K—KHUGLPHQVLRQDOH .ULWHULHQUXPH DQZHQGEDU VLQG %LOG 
]HLJW HLQ %DONHQGLDJUDPP EHL GHP GLH .ULWHULHQZHUWH PHKUHUHU 3DUHWRRSWLPDOHU (QW
ZÚUIH QDFK .ULWHULHQ JHWUHQQW DXIJHWUDJHQ ZHUGHQ )ÚU HLQH HLQIDFKH =XRUGQXQJ GHU
%DONHQ ]X GHQ HQWVSUHFKHQGHQ (QWZÚUIHQ GLHQW HLQH IDUEOLFKH .HQQ]HLFKQXQJ $Q
VWHOOH GHU %DONHQ ZHUGHQ LQ %LOG  GLH DXI GHQ :HUWHEHUHLFK VNDOLHUWHQ .ULWHULHQZHUWH
QDFK .ULWHULHQ JHWUHQQW DXIJHWUDJHQ XQG GXUFK /LQLHQSIDGH GLH ]X HLQHP (QWZXUI JH
K—UHQGHQ :HUWH YHUEXQGHQ
’LH JHPDFKWHQ $XVIÚKUXQJHQ VROOHQ QLFKW GDUÚEHU KLQZHJ WXVFKHQ GDVV HV VLFK EHL





















































  9LUWXHOOHV 3URWRW\SLQJ




















































OLVWLVFKH )DKU]HXJDXVOHJXQJ VLQG XPIDQJUHLFKHUH 0RGHOOH QRWZHQGLJ ZHOFKH GLH
QLFKWOLQHDUH .LQHPDWLN GHU )DKUZHUNVDXIKQJXQJ XQG GLH QLFKWOLQHDUH &KDUDNWHULVWLN
 9LUWXHOOHV 3URWRW\SLQJ
YRQ )HGHU XQG ’PSIHUNHQQOLQLHQ EHLQKDOWHQ ] % $0021 >@ ’HV :HLWHUHQ VLQG
EHLVSLHOVZHLVH .RPIRUWNULWHULHQ GXUFK GLH IUHTXHQ]DEKQJLJH 6FKZLQJXQJVZDKUQHK
PXQJ GHV 0HQVFKHQ ]X HUJQ]HQ /HW]WOLFK NDQQ DXFK GLH 6LPXODWLRQ HLQHU %RUG
VWHLQÚEHUIDKUXQJ QLFKW DOV HLQ]LJHV ([SHULPHQW ]XU 2SWLPLHUXQJ GHU NRPSOH[HQ )DKU
G\QDPLN HLQHV )DKU]HXJV KHUDQJH]RJHQ ZHUGHQ YLHOPHKU PÚVVHQ PHKUHUH )DKUPD
Q—YHU LQ )RUP PXOWLSOHU .ULWHULHQ LQ GLH $QDO\VH HLQIOLH|HQ ’XUFK GLH JHULQJH =DKO GHU
3DUDPHWHU XQG .ULWHULHQ LVW HV MHGRFK HLQIDFK P—JOLFK =XVDPPHQKQJH ]X HUOXWHUQ
XQG JUDSKLVFK GDU]XVWHOOHQ ’LHV PDFKW DXFK HLQH YHUJOHLFKHQGH $QDO\VH YHUVFKLHGH
QHU 2SWLPLHUXQJVYHUIDKUHQ P—JOLFK
)ÚU HLQHQ 9HUJOHLFK GHU 2SWLPLHUXQJVYHUIDKUHQ ZLUG GDV 0HKUNULWHULHQRSWLPLHUXQJV





 ZY DXI HLQ VNDODUHV 2SWLPLH
UXQJVSUREOHP UHGX]LHUW ’DEHL ZLUG GLH )DKUVLFKHUKHLW PLW GHP )DNWRUZ
  XQG
GHU .RPIRUW GXUFK Z
  EHZHUWHW ZDV GHP (QWZXUI  LQ %LOG  HQWVSULFKW
$OOH ,WHUDWLRQHQ VWDUWHQ PLW GHP (QWZXUI S
 > 1VP  1P  NJ@7
$OV 5HIHUHQ]O—VXQJ ZLUG ]XQFKVW HLQH 2SWLPLHUXQJ PLW GHP 3URJUDPPSDNHW $,06
GXUFKJHIÚKUW ’DEHL GLHQW HLQ 6439HUIDKUHQ YRQ 6FKLWWNRZVNL DOV VNDODUHU 2SWLPLH
UXQJVDOJRULWKPXV GLH EHQ—WLJWHQ *UDGLHQWHQLQIRUPDWLRQHQ ZHUGHQ PLW GHU $GMXQJLHU
WHQ 9DULDEOHQ 0HWKRGH HUPLWWHOW 0LW GLHVHQ (LQVWHOOXQJHQ IÚKUW GLH 2SWLPLHUXQJ LQ 
,WHUDWLRQVVFKULWWHQ DXI GHQ 2SWLPLHUHU S
 > 1VP  1P  NJ@7
%LOG  %HL GHU LQ MHGHP 6FKULWW GXUFKJHIÚKUWHQ /LQLHQVXFKH ZLUG MHZHLOV EHUHLWV GHU
0LQLPLHUHU GHV TXDGUDWLVFKHQ 7HLOSUREOHPV DOV 6WDUWZHUW IÚU GLH ZHLWHUHQ ,WHUDWLRQHQ
DN]HSWLHUW VR GDVV IÚU GLH (UPLWWOXQJ GHV 2SWLPLHUHUV OHW]WOLFK  )XQNWLRQVDXVZHUWXQ
JHQ XQG  *UDGLHQWHQDXIUXIH EHQ—WLJW ZHUGHQ
%LOG  3DUDPHWHUlQGHUXQJ LP /DXIH GHU 2SWLPLHUXQJ EHL 6439HUIDKUHQ




















GD >1VP@ PP >NJ@FD >1P@
2SWLPLHUXQJVVFKULWWH 2SWLPLHUXQJVVFKULWWH2SWLPLHUXQJVVFKULWWH
  9LUWXHOOHV 3URWRW\SLQJ
’HU LQ 0$7/$% LPSOHPHQWLHUWH 643$OJRULWKPXV VLHKW HLQH %HVWLPPXQJ GHU *UDGLHQ
WHQLQIRUPDWLRQ PLW +LOIH ILQLWHU ’LIIHUHQ]HQ YRU ZHQQ NHLQH )XQNWLRQ ]XU H[DNWHQ *UD
GLHQWHQEHUHFKQXQJ ]XU 9HUIÚJXQJ JHVWHOOW ZHUGHQ NDQQ ’LH QRWZHQGLJHQ 3DUDPHWHU
VW—UXQJHQ ZHUGHQ LQ $EKQJLJNHLW GHV *UDGLHQWHQ GHU /DJUDQJH )XQNWLRQ…/ LQQHU










L PLQ ’SL ’SL PD[  L
 K  
’XUFK GLHVH $QSDVVXQJ HUJHEHQ VLFK NOHLQH 3DUDPHWHUVW—UXQJHQ DP $QIDQJ GHU 2S
WLPLHUXQJ ZHQQ GHU *UDGLHQW JUR| LVW XQG NHLQH $XVO—VFKXQJVIHKOHU ]X EHIÚUFKWHQ
VLQG XQG JU—|HUH 3DUDPHWHUYDULDWLRQHQ DP (QGH GHU ,WHUDWLRQ 7URW] GHU DXWRPDWL
VFKHQ $QSDVVXQJ GHU 3DUDPHWHUVW—UXQJ DQ GHQ 2SWLPLHUXQJVIRUWVFKULWW EOHLEW GHU
.RQIOLNW EHL GHU )HVWOHJXQJ GHU *UHQ]ZHUWH ’S
L PLQ XQG ’SL PD[ :HUGHQ GLHVH
6FKUDQNHQ ]X JUR| RGHU ]X NOHLQ JHZKOW VR N—QQHQ $SSUR[LPDWLRQVIHKOHU E]Z $XV
O—VFKXQJVIHKOHU DXIWUHWHQ GLH ]X IHKOHUKDIWHQ *UDGLHQWHQQKHUXQJHQ IÚKUHQ )ÚU GLH
$QZHQGXQJ DXI 6LPXODWLRQHQ KDEHQ VLFK 3DUDPHWHUVW—UXQJHQ LQ GHU *U—|HQRUGQXQJ








   
,Q %LOG  LVW GHU 2SWLPLHUXQJVIRUWVFKULWW EHL GHU 9HUZHQGXQJ GHV 6439HUIDKUHQV PLW
ILQLWHQ ’LIIHUHQ]HQ GHP 5HIHUHQ]YHUIDKUHQ JHJHQÚEHUJHVWHOOW =ZLVFKHQ GHQ 3DUDPH
WHUQ LQ GHQ XQWHUVFKLHGOLFKHQ 2SWLPLHUXQJVVFKULWWHQ EHVWHKHQ NDXP 8QWHUVFKLHGH
EHLGH 9HUIDKUHQ NRQYHUJLHUHQ LQ  6FKULWWHQ $OOHUGLQJV IÚKUW GLH /LQLHQVXFKH LQ
0$7/$% QLFKW LPPHU EHUHLWV LP HUVWHQ 6FKULWW ]X HLQHP YHUEHVVHUWHQ (QWZXUI VR GDVV
]XVW]OLFKH )XQNWLRQVDXVZHUWXQJHQ QRWZHQGLJ ZHUGHQ ,Q GLHVHP )DOO ZLUG GHU 2SWL
PLHUHU QDFK  GLUHNWHQ )XQNWLRQVDXVZHUWXQJHQ  ,WHUDWLRQVVFKULWWH  $XVZHUWXQJHQ
EHL GHU 6FKULWWZHLWHQUHGX]LHUXQJ GHU /LQLHQVXFKH XQG  (QGZHUW XQG  ZHLWHUHQ
)XQNWLRQVDXVZHUWXQJHQ ]XU %HVWLPPXQJ GHU ILQLWHQ ’LIIHUHQ]HQ HUUHLFKW ’LH $Q]DKO
GHU ,WHUDWLRQVVFKULWWH KQJW VWDUN YRQ GHU 4XDOLWW GHU *UDGLHQWHQQKHUXQJHQ DE %HL
HLQHU XQJÚQVWLJHUHQ :DKO GHU 3DUDPHWHUVW—UXQJ N—QQHQ OHLFKW GRSSHOW VR YLHOH )XQN
WLRQVDXVZHUWXQJHQ QRWZHQGLJ ZHUGHQ
(EHQVR ZLH GDV 6439HUIDKUHQ ELHWHW DXFK GHU 00$$OJRULWKPXV GLH 0—JOLFKNHLW
*UDGLHQWHQLQIRUPDWLRQHQ PLWWHOV ILQLWHU ’LIIHUHQ]HQ ]X EHVWLPPHQ ’LH 3DUDPHWHUVW—
UXQJ ZLUG HEHQIDOOV QDFK *OHLFKXQJ  LQ $EKQJLJNHLW GHV *UDGLHQWHQ GHU /D
JUDQJH )XQNWLRQ IHVWJHOHJW %LOG  ]HLJW GHQ 9HUODXI GHU 3DUDPHWHU VRZLH GHU (UVDW]
IXQNWLRQ ÚEHU GHQ 2SWLPLHUXQJVVFKULWWHQ ,P *HJHQVDW] ]XP 6439HUIDKUHQ ]HLJW
VLFK HLQ VWDUNHV +LQ XQG +HUVSULQJHQ GHU 3DUDPHWHU ’LH PD[LPDOH 3DUDPHWHUQGH
 9LUWXHOOHV 3URWRW\SLQJ
%LOG  2SWLPLHUXQJVYHUODXI EHLP 00$9HUIDKUHQ
GD >1VP@ PP >NJ@FD >1P@
2SWLPLHUXQJVVFKULWWH 2SWLPLHUXQJVVFKULWWH2SWLPLHUXQJVVFKULWWH






























UXQJ ]ZLVFKHQ ]ZHL ,WHUDWLRQHQ LVW GDEHL QXU GXUFK GHQ ]XOVVLJHQ 3DUDPHWHUEHUHLFK
XQG GLH )HVWOHJXQJ GHU $V\PSWRWHQ EHJUHQ]W GLH HQWVSUHFKHQG GHQ *OHLFKXQJHQ
 ELV  LQ MHGHP 6FKULWW LQ $EKQJLJNHLW GHU YRUDQJHJDQJHQHQ ,WHUDWLRQHQ
QHX IHVWJHOHJW ZHUGHQ ’LH 6SUÚQJH LP 3DUDPHWHUUDXP ÚEHUWUDJHQ VLFK DXFK DXI GHQ
9HUODXI GHU (UVDW]JÚWHIXQNWLRQ :KUHQG GDV 6439HUIDKUHQ QHXH (QWZÚUIH EHL GHU
/LQLHQVXFKH QXU DN]HSWLHUW ZHQQ VLH HLQH 9HUEHVVHUXQJ GHU *ÚWHIXQNWLRQ RGHU ]XPLQ
GHVW HLQH JHULQJHUH 9HUOHW]XQJ YRQ 1HEHQEHGLQJXQJHQ HU]LHOHQ YHU]LFKWHW GDV 00$
9HUIDKUHQ DXI HLQHQ GHUDUWLJHQ 9HUJOHLFK XQG VWDUWHW GLH QFKVWH ,WHUDWLRQ PLW GHU /—
VXQJ GHV 7HLOSUREOHPV $XV GLHVHP *UXQG ZHUGHQ DXFK 9HUVFKOHFKWHUXQJHQ GHV 2UL
JLQDOSUREOHPV KLQJHQRPPHQ XQG GLH (UVDW]JÚWHIXQNWLRQ QLPPW QLFKW PLW MHGHP ,WHUD
WLRQVVFKULWW DE 7URW]GHP LVW HLQ VHKU JXWHU (QWZXUI EHUHLWV QDFK  ,WHUDWLRQHQ JHIXQ
  9LUWXHOOHV 3URWRW\SLQJ
GHQ ’HU $OJRULWKPXV EULFKW MHGRFK DQ GLHVHU 6WHOOH QRFK QLFKW DE VRQGHUQ IÚKUW GLH
,WHUDWLRQ ZHLWHU XQG SHQGHOW VLFK XP GLHVHQ (QWZXUI HLQ ’LH XQEHIULHGLJHQGH .RQYHU
JHQ] DP (QGH GHU 2SWLPLHUXQJ GHXWHW GDUDXI KLQ GDVV GLH $QQKHUXQJ GHU (UVDW]
JÚWHIXQNWLRQ GXUFK +\SHUEHOQ GHU 3UREOHPVWHOOXQJ QLFKW JHUHFKW ZLUG XQG VHKU XQJH
QDX LVW
=XP 9HUJOHLFK PLW GHQ PRGHOOEDVLHUHQGHQ 643 XQG 00$9HUIDKUHQ ZLUG GDV 3UR
EOHP QXQ DXFK PLW GHU 6LPSOH[0HWKRGH JHO—VW ’HP DOV 8QJOHLFKXQJVQHEHQEHGLQ
JXQJ HLQJHIÚKUWHQ .ULWHULXPY

ZLUG GDEHL GXUFK HLQHQ OLQHDUHQ XQG HLQHQ TXDGUDWL
VFKHQ 6WUDIWHUP LQ GHU 3VHXGRJÚWHIXQNWLRQ
)
 Z Y Z Y U PD[> Y@ U ”PD[> Y@‰


5HFKQXQJ JHWUDJHQ ’HU %HZHUWXQJVIDNWRU GHV 6WUDIWHUPV ZLUG ]XQFKVW DXIU
 
IHVWJHOHJW XQG JHJHEHQHQIDOOV LQ GHQ ZHLWHUHQ 2SWLPLHUXQJVGXUFKOXIHQ HUK—KW ELV
GLH 1HEHQEHGLQJXQJ LP 5DKPHQ GHU JHIRUGHUWHQ *HQDXLJNHLW HLQJHKDOWHQ ZLUG ’LH
8QWHUVXFKXQJ GHV 2SWLPLHUXQJVYHUODXIV LQ %LOG  ]HLJW HLQH JXWH .RQYHUJHQ] GHV
9HUIDKUHQV LQ GHQ HUVWHQ ,WHUDWLRQVVFKULWWHQ $P (QGH GHV 9HUIDKUHQV VLQG MHGRFK
YLHOH 6FKULWWH HUIRUGHUOLFK RKQH GDVV GLH *ÚWHIXQNWLRQ VLJQLILNDQW DEQLPPW -H 2SWL
PLHUXQJVVFKULWW VLQG IÚU GDV (UVWHOOHQ HLQHV QHXHQ 6LPSOH[ LQ $EKQJLJNHLW GHU GXUFK
JHIÚKUWHQ 2SHUDWLRQ QXU HLQ RGHU ]ZHL EHL GHU .RQWUDNWLRQ XQWHU 8PVWQGHQ DXFK
 K )XQNWLRQVDXVZHUWXQJHQ QRWZHQGLJ %LOG  ’DPLW ELHWHW GDV 9HUIDKUHQ 9RU
WHLOH EHL 2SWLPLHUXQJVSUREOHPHQ PLW HLQHU JUR|HQ $Q]DKO DQ 3DUDPHWHUQ EHL GHQHQ
GLH %HUHFKQXQJ YRQ *UDGLHQWHQ GXUFK ILQLWH ’LIIHUHQ]HQ VHKU DXIZHQGLJ ZLUG
KQOLFK VFKZLHULJ ZLH GLH :DKO HLQHU JHHLJQHWHQ 3DUDPHWHUVW—UXQJ ]XU %HUHFKQXQJ
GHU ILQLWHQ ’LIIHUHQ]HQ EHL GHQ *UDGLHQWHQYHUIDKUHQ LVW GLH )HVWOHJXQJ GHU *U—|H GHV
6WDUWVLPSOH[ EHL GHU 6LPSOH[0HWKRGH =ZDU KLOIW VLFK GHU $OJRULWKPXV VHOEVW LQGHP
GLH 6LPSOH[*U—|H LP 9HUODXI GHU 2SWLPLHUXQJ DQJHSDVVW ZLUG MHGRFK N—QQHQ EHL
XQJÚQVWLJHU :DKO GHV 6WDUWVLPSOH[ GDIÚU YLHOH )XQNWLRQVDXVZHUWXQJHQ EHQ—WLJW ZHU
















 2SWLPLHUXQJ GHU (LJHQIUHTXHQ]HQ HLQHV )DKU]HXJPRGHOOV
$OV %HLVSLHO IÚU GLH $QZHQGXQJ GHU DQDO\WLVFKHQ (PSILQGOLFKNHLWVDQDO\VH EHL (LJHQ
ZHUWSUREOHPHQ VRZLH ]XU 8QWHUVXFKXQJ YRQ 9HNWRURSWLPLHUXQJVVWUDWHJLHQ GLHQW GLH
 9LUWXHOOHV 3URWRW\SLQJ
%LOG  2SWLPLHUXQJVYHUODXI EHLP 6LPSOH[9HUIDKUHQ
































2SWLPLHUXQJ GHU (LJHQIUHTXHQ]HQ HLQHV )DKU]HXJPRGHOOV 8P HLQH .RSSOXQJ XQG
JHJHQVHLWLJH $QUHJXQJ YHUVFKLHGHQHU (LJHQVFKZLQJXQJHQ ]X YHUPHLGHQ VROO GLH
0DVVHQJHRPHWULH GHV 0RGHOOV VR DXVJHOHJW ZHUGHQ GDVV GLH )UHTXHQ]DEVWQGH GHU
(LJHQVFKZLQJXQJHQ PD[LPDO VLQG )ÚU GLH 8QWHUVXFKXQJ YRQ +XE 1LFN XQG :DQN
EHZHJXQJHQ ZLUG GDV LQ %LOG  GDUJHVWHOOWH XQJHGPSIWH 0RGHOO PLW XQWHUVFKLHGOL
FKHU )DKUZHUNVVWHLILJNHLW DQ 9RUGHU XQG +LQWHUDFKVH YHUZHQGHW 0LW GHP /DJHYHNWRU
\
 >]  @7 XQG GHP DXV GHP 9HUKOWQLV GHU $EVWQGH GHV 6FKZHUSXQNWV ]X 9RU
GHU XQG +LQWHUDFKVH GHILQLHUWHQ )DNWRUN HUKOW PDQ XQWHU GHU 9RUDXVVHW]XQJ NOHLQHU
%HZHJXQJHQ GLH OLQHDUHQ %HZHJXQJVJOHLFKXQJHQ
  9LUWXHOOHV 3URWRW\SLQJ
%LOG  5lXPOLFKHV )DKU]HXJPRGHOO ]XU 8QWHUVXFKXQJ YRQ














































’LH (LJHQIUHTXHQ]HQ GHV XQJHGPSIWHQ 0HKUN—USHUV\VWHPV HUJHEHQ VLFK DXV GHP
(LJHQZHUWSUREOHP  0LW GHQ LQ 7DEHOOH  DXIJHIÚKUWHQ 6\VWHPSDUDPHWHUQ HU




  UDGV  W


  UDGV  W


  UDGV 

































































=XU %HHLQIOXVVXQJ GHU 6FKZLQJXQJVIRUPHQ XQG IUHTXHQ]HQ VROO GLH 0DVVHQJHRPH
WULH GHV )DKU]HXJV YHUQGHUW ZHUGHQ LQGHP ]XVW]OLFKH 3XQNWPDVVHQ PLW HLQHU *H
VDPWPDVVH YRQ 0
  NJ DXI GHU .DURVVHULH DQJHEUDFKW ZHUGHQ ’LHVH *HVDPW
PDVVH LVW VR IHVWJHOHJW GDVV GLH )DKUZHUNVIHGHUQ DXVUHLFKHQG YRUJHVSDQQW VLQG XQG
GXUFK DXIWUHWHQGH 6FKZLQJXQJHQ ZHGHU DXI %ORFN EHDQVSUXFKW QRFK HQWODVWHW ZHU
GHQ 8QWHU %HUÚFNVLFKWLJXQJ GHU 6\PPHWULH GHV )DKU]HXJV ODVVHQ VLFK GLH )UHLKHLWHQ
EHL GHU 0DVVHQYHUWHLOXQJ GXUFK  (QWZXUIVSDUDPHWHU EHVFKUHLEHQ %LOG  ’HU GL
PHQVLRQVORVH 3DUDPHWHU O OHJW GLH $XIWHLOXQJ GHU =XVDW]PDVVH DXI )URQW XQG +HFN
GHV )DKU]HXJV IHVW GLH .RRUGLQDWHQ [Y \Y [K XQG \K GLH %HIHVWLJXQJVSXQNWH EH]R
JHQ DXI GHQ XUVSUÚQJOLFKHQ 6FKZHUSXQNW ,Q $EKQJLJNHLW GHU (QWZXUIVSDUDPHWHU
QGHUQ VLFK JHJHQÚEHU GHP $QIDQJVHQWZXUI GLH [.RRUGLQDWH GHV *HVDPWVFKZHU
SXQNWV



















































Y  O0\K  
3ULPUHV =LHO GHU 2SWLPLHUXQJ LVW HLQH $XIVSDOWXQJ GHU (LJHQIUHTXHQ]HQ ’LHVH 0D[L



























*OHLFK]HLWLJ VROO GXUFK GLH 0DVVHQYHUWHLOXQJ HLQH (QWNRSSOXQJ GHU (LJHQVFKZLQJXQ
JHQ HUUHLFKW ZHUGHQ $XV GHU 6WUXNWXU GHU 0DVVHQ XQG 6WHLILJNHLWVPDWUL[ LQ  LVW
HUNHQQEDU GDVV +XE XQG 1LFNVFKZLQJXQJ ÚEHU 6WHLILJNHLWVWHUPH JHNRSSHOW VLQG
(LQH (OLPLQDWLRQ GHV .RSSHOWHUPV
ONFY  NFK
  








 N NV O
 ˘N FKFY FKÉ O 
LQ $EKQJLJNHLW GHU )DKUZHUNVVWHLILJNHLWHQ P—JOLFK 6RPLW NDQQ HLQH (QWNRSSOXQJ



































 À O [Y \Y [K \Kˆ7 z Y
 ‰  
:LFKWLJ IÚU GHQ HIIHNWLYHQ (LQVDW] YRQ *UDGLHQWHQYHUIDKUHQ LVW HLQH H[DNWH (PSILQG
OLFKNHLWVDQDO\VH 0LW GHU H[SOL]LWHQ ’DUVWHOOXQJ  ELV  GHU .RHIIL]LHQWHQ YRQ
0DVVHQ XQG 6WHLILJNHLWVPDWUL[ NDQQ HLQH JHQDXH %HUHFKQXQJ GHU (PSILQGOLFKNHLWHQ
GHU (LJHQIUHTXHQ]HQ WL LQ $EKQJLJNHLW GHU (QWZXUIVSDUDPHWHU S GXUFKJHIÚKUW ZHU
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’LHVH (UJHEQLVVH ZHUGHQ ]XVDPPHQ PLW GHQ EHNDQQWHQ (LJHQIUHTXHQ]HQ XQG YHN





































DXI GHU %DVLV YRQ *OHLFKXQJ  EHQ—WLJW ’LH XPIDQJUHLFKHQ *OHLFKXQJHQ IÚU GLH
ZHLWHUHQ (PSILQGOLFKNHLWHQ VLQG KLHU DXV 3ODW]JUÚQGHQ QLFKW GDUJHVWHOOW
8P GHQ PLW GHU *UDGLHQWHQEHVWLPPXQJ DXI %DVLV ILQLWHU ’LIIHUHQ]HQ YHUEXQGHQHQ QX
PHULVFKHQ $XIZDQG PLW GHP GHU DQDO\WLVFKHQ *UDGLHQWHQEHVWLPPXQJ ]X YHUJOHL
FKHQ ZHUGHQ IÚU EHLGH 9HUIDKUHQ GLH HUIRUGHUOLFKHQ 5HFKHQ]HLWHQ HUPLWWHOW )ÚU GDV
EHVFKULHEHQH 2SWLPLHUXQJVSUREOHP GDXHUW HLQH .ULWHULHQDXVZHUWXQJ HWZD V GLH
DQVFKOLH|HQGH $XVZHUWXQJ GHV *UDGLHQWHQ V ’DPLW LVW GLH DQDO\WLVFKH *UDGLHQ
WHQEHVWLPPXQJ VHOEVW EHL GLHVHP NOHLQHQ ’HPRQVWUDWLRQVEHLVSLHO PLW  (QWZXUIVYD
ULDEOHQ HWZD GRSSHOW VR VFKQHOO ZLH GLH ILQLWH ’LIIHUHQ]HQ 0HWKRGH %HL JU—|HUHQ 6\V
WHPPDWUL]HQ XQG HLQHU JU—|HUHQ =DKO DQ (QWZXUIVYDULDEOHQ LVW HLQ QRFK VWUNHUHU (I
IHNW GXUFK GLH (LQVSDUXQJ GHU =DKO ]X O—VHQGHU (LJHQZHUWSUREOHPH ]X HUZDUWHQ
$OOHUGLQJV ]HLJW GDV %HLVSLHO DXFK GLH *UHQ]HQ DQDO\WLVFKHQ 5HFKQHQV DXI %HUHLWV
EHL GHU NOHLQHQ =DKO DQ .ULWHULHQ XQG (QWZXUIVYDULDEOHQ ZLUG GDV $XIVWHOOHQ GHU *UD
GLHQWHQ YRQ +DQG DXIZHQGLJ XQG IHKOHUDQIOOLJ 9RQ +DQG DXIJHVWHOOWH XQG SURJUDP
PLHUWH *UDGLHQWHQIXQNWLRQHQ PÚVVHQ GHVKDOE LQ MHGHP )DOO ]XPLQGHVW VWLFKSUREHQDU
WLJ GXUFK ILQLWH ’LIIHUHQ]HQ NRQWUROOLHUW ZHUGHQ ZHQQ YHUIÚJEDU VROOWH GDV 9RUJHKHQ
V\VWHPDWLVLHUW XQG GXUFK &RPSXWHUDOJHEUDSURJUDPPH ZLH 0DSOH >@ RGHU
0DWKHPDWLFD >@ XQWHUVWÚW]W ZHUGHQ
%HL GHU JHJHEHQHQ 3UREOHPVWHOOXQJ LVW GLH )UHTXHQ]W

GHU +XEVFKZLQJXQJ YRQ GHU
:DKO GHU (QWZXUIVSDUDPHWHU XQDEKQJLJ GD )DKU]HXJJHVDPWPDVVH XQG )DKUZHUNV
VWHLILJNHLW QLFKW YDULLHUW ZHUGHQ N—QQHQ ’LH )UHTXHQ]W

GHU :DQNVFKZLQJXQJ NDQQ
GXUFK HLQH (UK—KXQJ GHV 0DVVHQWUJKHLWVPRPHQWV,[ XP GLH /QJVDFKVH YHUULQJHUW
ZHUGHQ GLH GXUFK HLQH VHLWOLFKH 9HUVFKLHEXQJ GHU =XVDW]PDVVHQ HU]LHOW ZLUG ’D GLH
:DQNVFKZLQJXQJ EHUHLWV LP 6WDUWHQWZXUI  GLH K—FKVWH (LJHQIUHTXHQ] DXIZHLVW
VROOWH HLQH RSWLPDOH 0DVVHQYHUWHLOXQJ GLHVH )UHTXHQ] QLFKW YHUULQJHUQ ZDV GXUFK 3R
VLWLRQLHUHQ GHU =XVDW]PDVVHQ DXI GHU )DKU]HXJOQJVDFKVH HUUHLFKW ZLUG 6RPLW PÚV
 9LUWXHOOHV 3URWRW\SLQJ
VHQ GLH YHUEOHLEHQGHQ 3DUDPHWHUO [Y XQG [K IÚU HLQHQ RSWLPDOHQ (QWZXUI VR JHZKOW
ZHUGHQ GDVV +XE XQG 1LFNVFKZLQJXQJ JHP| .ULWHULXP  HQWNRSSHOW VLQG XQG
GLH )UHTXHQ] GHU 1LFNVFKZLQJXQJ YRQ :DQN XQG +XEIUHTXHQ] GHQVHOEHQ $EVWDQG
KDW
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LVW DXFK GDV ]ZHLWH .ULWHULXP IHVWJHOHJW GLH EHLGHQ
DQGHUHQ ODVVHQ VLFK LQV 9HUKOWQLV VHW]HQ XP GLH LQ %LOG  GDUJHVWHOOWHQ ]XOVVLJHQ


























$XI *UXQG GHU .UÚPPXQJ GHV ]XOVVLJHQ .ULWHULHQUDXPV N—QQHQ PLW +LOIH GHV HLQID
FKHQ $QVDW]HV JHZLFKWHWHU .ULWHULHQ  QXU GLH 5DQGPLQLPDZ
  XQG Z
 
JHIXQGHQ ZHUGHQ IÚU GDV $XIILQGHQ DQGHUHU 3DUHWR2SWLPD YHUVDJW GDV 9HUIDKUHQ
%LOG  ’DUVWHOOXQJ GHU *WHNULWHULHQ LP .ULWHULHQUDXP






























  9LUWXHOOHV 3URWRW\SLQJ
)ÚU GLH (UPLWWOXQJ HLQHU RSWLPDOHQ 0DVVHQYHUWHLOXQJ ZLUG GHVKDOE GDV 9HUIDKUHQ GHU




  Œ L XQG )HVWOHJXQJ GHU ,GHDOO—VXQJ I
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GXUFK IROJHQGH :DKO GHU (QWZXUIVSDUDPHWHU
O
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  P 
:LH HUZDUWHW EOHLEW GLH )UHTXHQ] W

GHU :DQNVFKZLQJXQJ GXUFK GLH 3RVLWLRQLHUXQJ
GHU =XVDW]PDVVHQ DXI GHU /QJVDFKVH \Y
 \K
  P XQYHUQGHUW GLH ZHLWHUHQ
3DUDPHWHU EHZLUNHQ HLQH (QWNRSSOXQJ YRQ +XE XQG 1LFNVFKZLQJXQJ VRZLH HLQH 0D
[LPLHUXQJ GHU )UHTXHQ]DEVWQGH
 3DUDPHWHULGHQWLILNDWLRQ
0HVVXQJHQ DQ G\QDPLVFKHQ 6\VWHPHQ JHVWDOWHQ VLFK YLHOIDFK DOV DXIZHQGLJ XQG
VFKZLHULJ GHU (LQEOLFN LQ GDV G\QDPLVFKH 9HUKDOWHQ EOHLEW RIW XQEHIULHGLJHQG 6R LVW
LQ PDQFKHQ )OOHQ DXV 3ODW]JUÚQGHQ GDV $QEULQJHQ RGHU DXI *UXQG YRQ 8PJHEXQJV
HLQIOÚVVHQ ZLH KRKHQ 7HPSHUDWXUHQ GHU (LQVDW] YRQ 6HQVRUHQ SUREOHPDWLVFK %HL GHU
$XVZDKO GHU 6HQVRUHQ LVW DXI HLQH GHP )UHTXHQ]LQKDOW GHU 0HVVJU—|H DQJHSDVVWH
6HQVRUG\QDPLN VRZLH HLQH GDV 6\VWHPYHUKDOWHQ QLFKW EHHLQIOXVVHQGH UÚFNZLUNXQJV
IUHLH 0HVVWHFKQLN ]X DFKWHQ ZDV QLFKW LPPHU JHZKUOHLVWHW ZHUGHQ NDQQ 8QHU
ZÚQVFKWH (IIHNWH HQWVWHKHQ GXUFK GDV 5DXVFKHQ GHV 0HVVVLJQDOV XQG 4XDQWLVLH
UXQJVIHKOHU EHL GHU 8PZDQGOXQJ DQDORJHU 6LJQDOH LQ GLVNUHWH =HLWUHLKHQ ,Q 6LPXODWLR
QHQ GDJHJHQ VLQG DOOH =XVWDQGVJU—|HQ XQG EHOLHELJH .RPELQDWLRQHQ GDYRQ VFKQHOO
XQG RKQH EHVRQGHUH 9RUNHKUXQJHQ ]XJQJOLFK ’LH $XVVDJHNUDIW GLHVHU (UJHEQLVVH
LVW MHGRFK QXU VR JXW ZLH GDV ]X *UXQGH OLHJHQGH 0RGHOO 9RUDXVVHW]XQJ IÚU JXWH
(UJHEQLVVH LVW HLQH DXVUHLFKHQGH ÛEHUHLQVWLPPXQJ GHV G\QDPLVFKHQ 9HUKDOWHQV YRQ
6LPXODWLRQVPRGHOO XQG UHDOHP 6\VWHP
)ÚU GLH 0RGHOOELOGXQJ PHFKDQLVFKHU 6\VWHPH KDW VLFK GDV LQ .DSLWHO  EHVFKULHEHQH
9RUJHKHQ EHZKUW %HL GHU SK\VLNDOLVFKHQ 0RGHOOELOGXQJ ELOGHW GHU ,QJHQLHXU GDV
UHDOH 6\VWHP GXUFK )HVWOHJXQJ YRQ %HZHJXQJVP—JOLFKNHLWHQ (ODVWL]LWWHQ XQG 7UJ
KHLWHQ DXI HLQ PHFKDQLVFKHV 0RGHOO DE EHL GHU PDWKHPDWLVFKHQ 0RGHOOELOGXQJ IRU
PXOLHUW HU GLH %HZHJXQJVJOHLFKXQJHQ ZREHL HU HYHQWXHOO GXUFK JHHLJQHWH 3UR
JUDPPV\VWHPH XQWHUVWÚW]W ZLUG 9LHOH 6\VWHPSDUDPHWHU GHU HUVWHOOWHQ 0RGHOOH ZLH
]XP %HLVSLHO 7UJKHLWHQ XQG *HRPHWULHQ VLQG EHNDQQW XQG EHUHFKHQEDU DQGHUH ZLH
5HLENHQQOLQLHQ PÚVVHQ MHGRFK H[SHULPHQWHOO HUPLWWHOW ZHUGHQ ’D]X N—QQHQ GLH HQW
VSUHFKHQGHQ %DXWHLOH HLQ]HOQ DQ 3UÚIVWQGHQ XQWHUVXFKW XQG LGHQWLIL]LHUW ZHUGHQ (LQ
DQGHUHU $QVDW] LVW GLH LQGLUHNWH ,GHQWLILNDWLRQ GXUFK HLQHQ 9HUJOHLFK YRQ 0HVVXQJHQ
XQG 6LPXODWLRQHQ DP *HVDPWV\VWHP %LOG 
’HU (LQIOXVV GHU XQEHNDQQWHQ 3DUDPHWHU DXI GDV NRPSOH[H 6\VWHPYHUKDOWHQ LVW RIW
VFKZLHULJ YRUKHU]XVDJHQ VR GDVV GHUHQ %HVWLPPXQJ GXUFK 9DULLHUHQ YHUVFKLHGHQ
GHU *U—|HQ XQG %HREDFKWXQJ GHU $XVZLUNXQJ HLQHQ ODQJZLHULJHQ 9RUJDQJ GDUVWHOOHQ
NDQQ ’HVKDOE ELHWHW VLFK EHL GHU 3DUDPHWHULGHQWLILNDWLRQ GHU (LQVDW] YRQ 2SWLPLH
UXQJVYHUIDKUHQ DQ ’LH GD]X QRWZHQGLJH ’HILQLWLRQ JHHLJQHWHU *ÚWHNULWHULHQ KQJW
VWDUN YRP XQWHUVXFKWHQ 3KQRPHQ DE ZREHL 9HUJOHLFKH ]ZLVFKHQ 0HVVXQJ XQG 6L
PXODWLRQ LP =HLWEHUHLFK QLFKW LPPHU JHHLJQHW VLQG
  3DUDPHWHULGHQWLILNDWLRQ















,Q GHQ IROJHQGHQ $EVFKQLWWHQ ZLUG GHU (LQVDW] GHU UHFKQHUJHVWÚW]WHQ 3DUDPHWHULGHQ
WLILNDWLRQ DXI %DVLV GHU 2SWLPLHUXQJ DP %HLVSLHO ]ZHLHU :HUN]HXJPDVFKLQHQ GHPRQ
VWULHUW ’DEHL ZHUGHQ YHUVFKLHGHQH *ÚWHIXQNWLRQ HLQJHVHW]W GLH DQDORJ GHP 9RUJH
KHQ GHU 0HKUNULWHULHQ0HKUPRGHOO2SWLPLHUXQJ EHLP YLUWXHOOHQ 3URWRW\SLQJ %(67/(
81' (%(5+$5' >@ ]XP 7HLO DXI XQWHUVFKLHGOLFKHQ 0RGHOOHQ GHV JOHLFKHQ 6\VWHPV ED
VLHUHQ $Q JHHLJQHWHQ %HLVSLHOHQ ZLUG GLH 9HUZHQGXQJ YRQ )HQVWHUIXQNWLRQHQ ]XU %H
ZHUWXQJ YRQ $EZHLFKXQJHQ GHU (LQVDW] YRQ .ULWHULHQ LP )UHTXHQ]EHUHLFK VRZLH
’DUVWHOOXQJHQ LP 3KDVHQGLDJUDPP XQWHUVXFKW
 ,GHQWLILNDWLRQ GHU 3DUDPHWHU HLQHU /LQHDUDFKVH
’HU (LQVDW] YLUWXHOOHU 0DVFKLQHQ ]XP 7HVW YRQ 6WHXHUJHUWHQ LVW LQ )DKU]HXJLQGXVWULH
63Ñ5/ 81' %(,1(.( >@ XQG $XWRPDWLVLHUXQJVWHFKQLN $/%(57 81' 720$6=81$6 >@
ZHLW YHUEUHLWHW XP )XQNWLRQVWHVWV YRQ 6WHXHUJHUWHQ E]Z VSHLFKHUSURJUDPPLHUED
UHQ 6WHXHUXQJHQ GXUFK]XIÚKUHQ ’LH ’XUFKIÚKUXQJ DXWRPDWLVLHUWHU 7HVWV DXI %DVLV
VROFKHU YLUWXHOOHU 0RGHOOH ZLUG JHJHQZUWLJ HUIRUVFKW 63Ñ5/ 81' +(331(5 >@ $OOHU
GLQJV VLQG GLH IÚU )XQNWLRQVWHVWV HLQJHVHW]WHQ 0RGHOOH RIW REHUIOFKOLFK DXI HLQH
 3DUDPHWHULGHQWLILNDWLRQ
H[DNWH %HUÚFNVLFKWLJXQJ GHV G\QDPLVFKHQ 9HUKDOWHQV ZLUG NHLQ EHVRQGHUHU :HUW JH
OHJW ’HVKDOE NDQQ GLH HQGJÚOWLJH 5HJOHUDXVOHJXQJ HUVW DP UHDOHQ 6\VWHP HUIROJHQ
’HU ]XQHKPHQGH =HLWGUXFN LQ GHU 3URGXNWHQWZLFNOXQJ PDFKW MHGRFK HLQH SDUDOOHOH
(QWZLFNOXQJVDUEHLW XQDEGLQJEDU ’LHVH )RUGHUXQJ NDQQ XQWHU DQGHUHP GXUFK GLH 5H
JOHUDXVOHJXQJ DQ YLUWXHOOHQ 0DVFKLQHQ HUIÚOOW ZHUGHQ .1,(%(/ >@ 5HJOHUNRHIIL]LHQ
WHQ N—QQHQ VR EHUHLWV IHVWJHOHJW ZHUGHQ EHYRU GHU HUVWH 3URWRW\S IHUWLJJHVWHOOW LVW
ZDV ]X HLQHU 9HUNÚU]XQJ GHU 3URGXNWHQWZLFNOXQJV]HLWHQ IÚKUW 1RWZHQGLJ IÚU GLHVH
SDUDOOHOH (QWZLFNOXQJ LVW HLQH JHQDXH :LHGHUJDEH GHV G\QDPLVFKHQ 9HUKDOWHQV GHU
UHDOHQ 0DVFKLQH GXUFK GDV 6LPXODWLRQVPRGHOO
,P 5DKPHQ HLQHU 0DFKEDUNHLWVVWXGLH VROO GHVKDOE GLH LQ %LOG  GDUJHVWHOOWH /LQHDU
DFKVH DOV YLUWXHOOH :HUN]HXJPDVFKLQH DEJHELOGHW ZHUGHQ XP ]X ]HLJHQ GDVV HLQH
5HJOHUDXVOHJXQJ DQ HLQHU YLUWXHOOHQ 0DVFKLQH P—JOLFK LVW XQG GHU VR JHIXQGHQH 5HJ





OHU DXI GLH UHDOH 6WUHFNH ÚEHUWUDJHQ ZHUGHQ NDQQ $XV GLHVHU $XIJDEHQVWHOOXQJ UHVXO
WLHUHQ EHVRQGHUV KRKH $QIRUGHUXQJHQ DQ GLH *HQDXLJNHLW GHV 0RGHOOV VR GDVV GLH
VHV 3URMHNW JHHLJQHW LVW GLH 9RUWHLOH GHU EHVFKULHEHQHQ 0HWKRGHQ IÚU GHQ (LQVDW] YRQ
2SWLPLHUXQJVYHUIDKUHQ ]XU 3DUDPHWHULGHQWLILNDWLRQ GDU]XVWHOOHQ
)ÚU GLH ’XUFKIÚKUXQJ YRQ 6LPXODWLRQHQ GHU /LQHDUDFKVH LVW ]XQFKVW HLQ 0RGHOO GHU
PHFKDQLVFKHQ XQG HOHNWURQLVFKHQ 6\VWHPNRPSRQHQWHQ ]X HUVWHOOHQ =X GHQ HOHNWUR
QLVFKHQ %DXWHLOHQ ]KOHQ GLH LP 6HUYRYHUVWUNHU LQWHJULHUWHQ 5HJOHU IÚU ’UHK]DKO XQG
6WURP VRZLH GLH 3XOVZHLWHQPRGXODWLRQ ]X GHQ PHFKDQLVFKHQ (OHPHQWHQ *HWULHEH
XQG :HUN]HXJVFKOLWWHQ %LOG  ’HU 0RWRU NDQQ QLFKW HLQGHXWLJ HLQHU GHU EHLGHQ
*UXSSHQ ]XJHRUGQHW ZHUGHQ XQG ZLUG GHVKDOE DXIJHWHLOW ’LH 8PZDQGOXQJ HOHNWUL
VFKHU LQ PHFKDQLVFKH /HLVWXQJ ZLUG GHQ HOHNWURQLVFKHQ .RPSRQHQWHQ GLH 7UJKHLW
GHU EHZHJWHQ 7HLOH GHP PHFKDQLVFKHQ 0RGHOO ]XJHRUGQHW
’HU $XIEDX GHV HOHNWURQLVFKHQ 7HLOV\VWHPV NDQQ GHQ +HUVWHOOHUXQWHUODJHQ >@ XQG
>@ HQWQRPPHQ ZHUGHQ ’LH 5HJHOXQJ LVW DOV .DVNDGHQUHJHOXQJ NRQ]LSLHUW EHL GHU
GHP LQQHUHQ 6WURPUHJHONUHLV HLQ ’UHK]DKOUHJOHU ÚEHUODJHUW LVW %LOG  /DXW +HUVWHO
OHUDQJDEHQ DUEHLWHW GHU 6WURPUHJHONUHLV LP .LORKHUW]EHUHLFK ZDV GXUFK HLQHQ 9HU
JOHLFK JHPHVVHQHU 6WURPVROO XQG ,VWZHUWH EHVWWLJW ZLUG ,P 9HUJOHLFK ]X GHQ HKHU
ODQJVDPHQ %HZHJXQJHQ GHU 0HFKDQLN NDQQ GHVKDOE GLH ’\QDPLN GHV 6WURPUHJOHUV
YHUQDFKOVVLJW XQG DOV 3URSRUWLRQDOYHUVWUNXQJ PRGHOOLHUW ZHUGHQ ’HU ’UHK]DKOUHJ
OHU LVW DOV 3,5HJOHU DXVJHOHJW GHVVHQ ,QWHJUDODQWHLO HLQHU 6WWLJXQJVJUHQ]H XQWHUOLHJW
(LQH ZHLWHUH QLFKWOLQHDUH 6WWLJXQJVNHQQOLQLH LVW EHL GHU 0HVVXQJ KRKHU ’UHK]DKOHQ
]X EHUÚFNVLFKWLJHQ )ÚU GLH 8PZDQGOXQJ HOHNWULVFKHU LQ PHFKDQLVFKH /HLVWXQJ ZLUG
HLQ SURSRUWLRQDOHU =XVDPPHQKDQJ ]ZLVFKHQ 6WURP L XQG ’UHKPRPHQW 0
0
 G K


































DQJHVHW]W GHU GLH UHDOHQ 9HUKOWQLVVH JXW ZLGHUVSLHJHOW $OOHUGLQJV PXVV EHL GHU 0R
GHOOLHUXQJ EHUÚFNVLFKWLJW ZHUGHQ GDVV GHU PD[LPDOH 6WURP XQG VRPLW GDV ]XU 9HUIÚ
JXQJ VWHKHQGH 0RPHQW QLFKW XQEHJUHQ]W VRQGHUQ GUHK]DKODEKQJLJ LVW ’LHVH (L
JHQVFKDIW ZLUG GXUFK FKDUDNWHULVWLVFKH 0RWRUNHQQOLQLHQ EHVFKULHEHQ GLH VLFK MH QDFK
$XIEDX XQG $QVWHXHUXQJ GHV 0RWRUV XQWHUVFKHLGHQ ] % +(,0$11 (7 $/ >@ RGHU
:(&. >@ )ÚU GHQ YRUOLHJHQGHQ EÚUVWHQORVHQ 6\QFKURQPRWRU JLOW QKHUXQJVZHLVH
GHU LQ %LOG  GDUJHVWHOOWH =XVDPPHQKDQJ ]ZLVFKHQ PD[LPDOHP 0RPHQW XQG ’UHK
]DKO






















%LOG  ]HLJW HLQ 0RGHOO GHU PHFKDQLVFKHQ $QWULHEVNRPSRQHQWHQ ’LH 9HUGUHKXQJ
GHU $QWULHEVZHOOH GHV 0RWRUV LVW ÚEHU HLQ *HWULHEH XQG HLQHQ =DKQULHPHQ PLW GHU
%HZHJXQJ GHV :HUN]HXJVFKOLWWHQV JHNRSSHOW 0HVVXQJHQ ]HLJHQ GDVV 6FKZLQJXQ
JHQ DXI *UXQG GHU (ODVWL]LWW YRQ *HWULHEH XQG =DKQULHPHQ VR KRFKIUHTXHQW VLQG
GDVV VLH LP 1RUPDOEHWULHE QLFKW DQJHUHJW ZHUGHQ XQG GDKHU YHUQDFKOVVLJEDU VLQG
)DVVW PDQ GLH 7UJKHLWHQ GHV JHVDPWHQ $QWULHEVVWUDQJV ]X HLQHU (UVDW]WUJKHLW,
A
]X
VDPPHQ IROJW IÚU GLH :LQNHOEHVFKOHXQLJXQJ W













PLW GHP VWURPDEKQJLJHQ 0RWRUPRPHQW 0
0
L GHP GUHK]DKODEKQJLJHQ 5HLEPR
PHQW 0
5
W XQG GHP DXI GLH 0RWRUZHOOH EH]RJHQHQ X|HUHQ /DVWPRPHQW0
/
W
$XV 9HUVXFKHQ PLW ODQJVDPHU *HVFKZLQGLJNHLWVQGHUXQJW
 T  NDQQ PDQ GXUFK
6WURPPHVVXQJ HQWVSUHFKHQG *OHLFKXQJ  EHL /DVWIUHLKHLW 0
/

  DXV *OHL







L HUPLWWHOQ (V ]HLJW
VLFK HLQ QLFKWOLQHDUHU =XVDPPHQKDQJ ]ZLVFKHQ :LQNHOJHVFKZLQGLJNHLW XQG 5HLEPR












1DFK GHU SK\VLNDOLVFKHQ 0RGHOOELOGXQJ VLQG GHQ 6\VWHPSDUDPHWHUQ IÚU GLH ’XUFK
IÚKUXQJ YRQ 6LPXODWLRQHQ HQWVSUHFKHQGH :HUWH ]X]XZHLVHQ ’DEHL N—QQHQ HLQLJH
3DUDPHWHU ZLH GLH ’UHKPRPHQWNRQVWDQWH RGHU GLH 0RWRUNHQQOLQLH GHQ +HUVWHOOHUXQ
WHUODJHQ HQWQRPPHQ ZHUGHQ $QGHUH ZLH GLH *HVDPWWUJKHLW GHV $QWULHEV VLQG
ÚEHUVFKOJLJ DE]XVFKW]HQ ZKUHQG 3DUDPHWHU ZLH GLH 5HJOHUNRHIIL]LHQWHQ XQG 5HL
EXQJVNHQQOLQLHQ JQ]OLFK XQEHNDQQW VLQG XQG QXU DXV 0HVVXQJHQ DP 6\VWHP HUPLW
WHOW ZHUGHQ N—QQHQ ’DPLW YHUEOHLEW HLQH 3DUDPHWHULGHQWLILNDWLRQVDXIJDEH ]XU 9HULIL
]LHUXQJ XQG JHJHEHQHQIDOOV .RUUHNWXU GHU 6FKW]ZHUWH VRZLH ]XU )HVWOHJXQJ GHU
QRFK XQEHNDQQWHQ 0RGHOOSDUDPHWHU
%HL GHU ’XUFKIÚKUXQJ YRQ 0HVVXQJHQ DQ GHU YRUOLHJHQGHQ 0DVFKLQH LVW HV P—JOLFK
EHOLHELJH ’UHK]DKOVROOZHUWH YRU]XJHEHQ XQG GLH =HLWVFKULHEH YRQ 6ROOVWURP ,VWVWURP
XQG ’UHK]DKO DXI]X]HLFKQHQ ’D GLH HLQ]HOQHQ 6\VWHPSDUDPHWHU DXI YHUVFKLHGHQH
%HZHJXQJVDEOXIH XQWHUVFKLHGOLFK JUR|HQ (LQIOXVV KDEHQ NRPPW GHU :DKO GHU
’UHK]DKOYRUJDEHQ HLQH QLFKW XQHUKHEOLFKH %HGHXWXQJ ]X )ÚU GLH (UPLWWOXQJ GHU 5HL
EXQJVNHQQOLQLH ZUH ZLH EHUHLWV EHVFKULHEHQ HLQ ODQJVDP DQVWHLJHQGHU ’UHK]DKO
YHUODXI ZÚQVFKHQVZHUW EHL GHP 7UJKHLWVNUIWH YHUQDFKOVVLJW ZHUGHQ N—QQHQ ’LH
VHV 9RUJHKHQ OVVW VLFK MHGRFK DXI *UXQG GHV EHVFKUQNWHQ 6FKOLWWHQZHJV QLFKW YHU
QÚQIWLJ UHDOLVLHUHQ $OV $XVZHJ ZLUG GHU 6FKOLWWHQ LQ PHKUHUHQ 9HUVXFKHQ MHZHLOV DXI
NRQVWDQWH *HVFKZLQGLJNHLW PLW XQWHUVFKLHGOLFKHP %HWUDJ JHEUDFKW XP HLQ]HOQH
 3DUDPHWHULGHQWLILNDWLRQ
3XQNWH GHU .HQQOLQLH ]X HUPLWWHOQ )ÚU GLH (UPLWWOXQJ GHU 7UJKHLW XQG GHU 5HJOHUSDUD
PHWHU ELHWHQ VLFK GDJHJHQ ’UHK]DKOVROOZHUWVSUÚQJH XQWHUVFKLHGOLFKHU +—KH DQ





GHU 5HLEXQJVNHQQOLQLH GLH (UVDW]WUJKHLW ,
A
GHV $QWULHEV VR




GHV ’UHK]DKOUHJOHUV VROOHQ GXUFK HLQH 2SWLPLHUXQJ GHQ UHDOHQ 3DUDPHWHUQ VR DQJH
SDVVW ZHUGHQ GDVV GLH $EZHLFKXQJHQ ]ZLVFKHQ 0RGHOO XQG 0HVVXQJ PLQLPLHUW ZHU
GHQ 3ULQ]LSLHOO N—QQWH GLHVH 2SWLPLHUXQJ DXI %DVLV HLQHU HLQ]LJHQ *ÚWHIXQNWLRQ
GXUFKJHIÚKUW ZHUGHQ ZHOFKH GLH $EZHLFKXQJHQ DOOHU 0HVVJU—|HQ YRQ GHQ HQWVSUH
FKHQGHQ EHUHFKQHWHQ 0RGHOOJU—|HQ ÚEHU DOOH GXUFKJHIÚKUWHQ 9HUVXFKH VXPPLHUW
%HVVHU JHHLJQHW HUVFKHLQW MHGRFK GDV 0HKUNULWHULHQNRQ]HSW PLW PHKUHUHQ DQJHSDV
VWHQ .ULWHULHQ XQG ]XJHRUGQHWHQ 9HUVXFKHQ XP GLH XQWHUVFKLHGOLFKHQ (LQIOÚVVH GHXW
OLFKHU ]X HUNHQQHQ ’XUFK 9RUJDEH DNWLYHU XQG LQDNWLYHU 3DUDPHWHU E]Z .ULWHULHQ LVW
GDQQ HLQH VFKULWWZHLVH 2SWLPLHUXQJ HLQ]HOQHU 3DUDPHWHU DXI %DVLV XQWHUVFKLHGOLFKHU
0RGHOOH XQG *ÚWHIXQNWLRQHQ P—JOLFK GLH VLFK DP LWHUDWLYHQ 9RUJHKHQ HLQHU YRQ +DQG
GXUFKJHIÚKUWHQ %HVWLPPXQJ GHU 3DUDPHWHU RULHQWLHUW ’D]X ZHUGHQ GLH GUHL LQ
%LOG  JHNHQQ]HLFKQHWHQ 0RGHOODEJUHQ]XQJHQ JHZKOW DXI GHUHQ %DVLV MH HLQ .ULWH
ULXP GHILQLHUW ZLUG 7HLOPRGHOO  KQJW QXU YRQ GHQ .RHIIL]LHQWHQ GHU 5HLEXQJVNHQQOL
QLH DE 7HLOPRGHOO  HQWKOW ]XVW]OLFK GLH (UVDW]WUJKHLW GDV *HVDPWPRGHOO EHLQKDOWHW
VFKOLH|OLFK DOOH 3DUDPHWHU LQNOXVLYH GHU 5HJOHUNRHIIL]LHQWHQ









































JHIDKUHQ XQG GLH ]XJHK—ULJHQ 0RWRUPRPHQWH0
L
JH
PHVVHQ $OV *ÚWHNULWHULXP HLJQHW VLFK GLH 6XPPH GHU TXDGUDWLVFKHQ $EZHLFKXQJHQ















1DFK GHU )HVWOHJXQJ GHU 5HLENHQQOLQLH ZLUG LQ HLQHP ]ZHLWHQ 6FKULWW ]XU %HVWLPPXQJ
GHU (UVDW]WUJKHLW GHU EHL GHU 6SUXQJDQWZRUW DP UHDOHQ 6\VWHP JHPHVVHQH 6WURP
YHUODXI DXV Q

9HUVXFKHQ PLW XQWHUVFKLHGOLFKHU 6SUXQJK—KH GHP 7HLOPRGHOO  HLQJH













VXPPLHUW GLH )HKOHUTXDGUDWH ]ZLVFKHQ JHPHVVHQHQ XQG VLPXOLHUWHQ =HLWHQ ELV ]XP
(UUHLFKHQ GHU 6ROOGUHK]DKO ZREHL GLH JHQDXHQ =HLWHQ GXUFK OLQHDUH ,QWHUSRODWLRQ GHU
’UHK]DKOHQ ]ZLVFKHQ GHQ =HLWSXQNWHQ YRU XQG QDFK ÛEHUVFKUHLWHQ GHU 6ROOGUHK]DKO
HUPLWWHOW ZHUGHQ
)ÚU GHQ DEVFKOLH|HQGHQ OHW]WHQ 2SWLPLHUXQJVODXI DXI %DVLV GHV *HVDPWPRGHOOV ZLUG


















EHL 9RUJDEH XQWHUVFKLHGOLFKHU 6ROOGUHK]DKOVSUÚQJH KHUDQJH]RJHQ ,Q GLHVHP OHW]WHQ
6FKULWW ZHUGHQ DOOH 3DUDPHWHU YDULLHUW ZREHL GLH DXV GHQ EHLGHQ YRUKHULJHQ 6FKULWWHQ




ZHUGHQ GDEHL HEHQIDOOV EHUÚFNVLFKWLJW LQGHP QXU HLQH EHVFKUQNWH 9HUVFKOHFKWHUXQJ
GXUFK (LQIÚKUXQJ HQWVSUHFKHQGHU 1HEHQEHGLQJXQJHQ ]XJHODVVHQ ZLUG ’LH VFKULWW
ZHLVH 2SWLPLHUXQJ GHU 3DUDPHWHU KDW GHQ 9RUWHLO GDVV GLH 2SWLPLHUXQJ GHV NRPSOH
[HQ *HVDPWPRGHOOV PLW JXWHQ 6WDUWZHUWHQ DXV GHQ YRUKHU GXUFKJHIÚKUWHQ $QSDVVXQ
JHQ JHVWDUWHW ZLUG ’DPLW VLQNW LP 9HUJOHLFK ]XU GLUHNWHQ 0LQLPLHUXQJ GLH :DKUVFKHLQ
OLFKNHLW GDVV GLH 2SWLPLHUXQJ LQ HLQHP ORNDOHQ 0LQLPXP NRQYHUJLHUW
6LPXODWLRQHQ PLW GHQ DXI GLH EHVFKULHEHQH $UW HUPLWWHOWHQ 6\VWHPSDUDPHWHUQ VWLP
PHQ IÚU DOOH XQWHUVXFKWHQ 6SUXQJIXQNWLRQHQ JXW PLW GHQ 0HVVXQJHQ ÚEHUHLQ %LOG 
,Q GHU %HVFKOHXQLJXQJV XQG 9HU]—JHUXQJVSKDVH WUHWHQ VHKU KRKH 6WU—PH DXI ZK
UHQG EHL NRQVWDQWHU *HVFKZLQGLJNHLW JHULQJH 6WU—PH ]XU ÛEHUZLQGXQJ GHV 5HLEZL
 3DUDPHWHULGHQWLILNDWLRQ
%LOG  6LPXOLHUWHU   XQG JHPHVVHQHU   6ROOVWURP XQG ’UHK]DKOYHUODXI




























GHUVWDQGV DXVUHLFKHQ (LQ ÛEHUVFKZLQJHQ GHU ’UHK]DKO ÚEHU GLH HQWVSUHFKHQGHQ
VSUXQJI—UPLJHQ 6ROOZHUWH WULWW VRZRKO EHL GHU %HVFKOHXQLJXQJVSKDVH DOV DXFK EHLP
$EEUHPVHQ DXI ’DV LP :HVHQWOLFKHQ GXUFK GLH 6WURPEHJUHQ]XQJ YHUXUVDFKWH QLFKW
OLQHDUH 9HUKDOWHQ ZLUG LP ’UHK]DKOYHUODXI VHKU JXW ZLHGHUJHJHEHQ ’LH JU—|WHQ RS
WLVFK ZDKUQHKPEDUHQ ’LIIHUHQ]HQ ILQGHQ VLFK LP 6WURPYHUODXI EHLP NOHLQVWHQ GXUFK
JHIÚKUWHQ 6ROOZHUWVSUXQJ XQPLWWHOEDU QDFK GHP 6LPXODWLRQVVWDUW %LOG D %HL DOOHQ
DQGHUHQ $QUHJXQJHQ ZLUG LQ GLHVHP =HLWEHUHLFK GHU GXUFK GHQ 0RWRU EHJUHQ]WH 0D
[LPDOVWURP HUUHLFKW VR GDVV GRUW 0HVVXQJ XQG 6LPXODWLRQ JXW ÚEHUHLQVWLPPHQ 8P
GHQ IHKOHUKDIWHQ %HUHLFK EHL GHU %HUHFKQXQJ GHV .ULWHULXPV  VWUNHU ]X JHZLFK
  3DUDPHWHULGHQWLILNDWLRQ
%LOG  6ROOVWURPYHUODXI PLW XQWHUVFKLHGOLFKHQ 3DUDPHWHUQ
D 2SWLPLHUXQJ PLW .ULWHULXP  RKQH %HZHUWXQJ
E 2SWLPLHUXQJ PLW ([SRQHQWLDO RGHU ’\QDPLNIHQVWHU HQWVSUHFKHQG *O 
F 2SWLPLHUXQJ PLW ]XVlW]OLFKHU *HZLFKWXQJ HQWVSUHFKHQG *O 






















































WHQ N—QQHQ %HZHUWXQJVIXQNWLRQHQ HLQJHVHW]W ZHUGHQ ’D GHU 8QWHUVFKLHG ]X %HJLQQ
G K IÚU NOHLQH =HLWHQ W DXIWULWW LVW GLH *HZLFKWXQJ GXUFK GLH ([SRQHQWLDOIXQNWLRQ
ZW
 HBW  B  
VLQQYROO $OWHUQDWLY NDQQ HLQH VWUNHUH *HZLFKWXQJ GHV $QIDQJVEHUHLFKV GXUFK HLQH










Uz GU  
’LH 9HUZHQGXQJ GHV =HLWIHQVWHUV ’W HQWVSULFKW GDEHL HLQHU )LOWHUIXQNWLRQ .OHLQH =HLW
IHQVWHU IÚKUHQ ]X KRKHQ 9HUVWUNXQJHQ LQ GHU XQPLWWHOEDUHQ 8PJHEXQJ GHU 6WURPQ
GHUXQJHQ JUR|H =HLWIHQVWHU JOWWHQ GLH *HZLFKWXQJVIXQNWLRQ XQG IÚKUHQ ]X HLQHU




















]HLJW %LOG E ,P EHWUDFKWHWHQ =HLWEHUHLFK HUJLEW VLFK IÚU EHLGH %HZHUWXQJVIXQNWLR
QHQ HLQH QDKH]X JOHLFKH 9HUULQJHUXQJ GHU $EZHLFKXQJ RKQH LQ DQGHUHQ TXDVLVWDWLR
QUHQ %HUHLFKHQ HLQH RSWLVFK DXIIOOLJH 9HUVFKOHFKWHUXQJ ]X YHUXUVDFKHQ 7URW]GHP
NDQQ DOOHLQH GXUFK GHQ (LQVDW] GHU %HZHUWXQJVIXQNWLRQHQ NHLQH EHIULHGLJHQGH ÛEHU
HLQVWLPPXQJ YRQ 0HVVXQJ XQG 6LPXODWLRQ HUUHLFKW ZHUGHQ
(LQH ZHLWHUH 0RGLILNDWLRQ GHV .ULWHULXPV NDQQ GXUFK XQWHUVFKLHGOLFKH *HZLFKWXQJ GHU
HLQ]HOQHQ 0HVVXQJHQ HUUHLFKW ZHUGHQ %HL GHU 8QWHUVXFKXQJ OLQHDUHU 6\VWHPH LVW GLH
$EZHLFKXQJ SURSRUWLRQDO ]XP (LQJDQJVVLJQDOX
L
 VR GDVV HLQH *HZLFKWXQJ GHU )HK
OHU XPJHNHKUW SURSRUWLRQDO ]XP $QUHJXQJVVSUXQJ ]X HLQHU DXVJHZRJHQHQ %HUÚFN





















ZREHL IÚU ZW GLH ([SRQHQWLDOIXQNWLRQ  YHUZHQGHW ZLUG ’XUFK GLH LP 9HUJOHLFK
]X GHQ ELVKHU YHUZHQGHWHQ *ÚWHIXQNWLRQHQ  XQG  VWUNHUH *HZLFKWXQJ GHV
EHWUDFKWHWHQ $QUHJXQJVVSUXQJV NDQQ GHU )HKOHU LP REHUHQ %HUHLFK ZHLWHU UHGX]LHUW
%LOG  6ROOVWURPYHUODXI IU XQWHUVFKLHGOLFKH ’UHK]DKOVSUQJH
























ZHUGHQ %LOG F (LQHQ ÛEHUEOLFN ÚEHU GLH VFKULWWZHLVH 2SWLPLHUXQJ PLW XQWHUVFKLHG
OLFKHQ 7HLOPRGHOOHQ XQG *ÚWHIXQNWLRQHQ VRZLH GHQ (LQIOXVV GHU YHUZHQGHWHQ )HQVWHU
IXQNWLRQHQ XQG *HZLFKWXQJVIDNWRUHQ DXI GLH JHIXQGHQHQ 3DUDPHWHU JLEW 7DEHOOH 
(LQ 9HUJOHLFK ]ZLVFKHQ 0HVVNXUYHQ XQG 6LPXODWLRQHQ PLW GHQ DXI %DVLV YRQ .ULWHULXP
 HUPLWWHOWHQ 3DUDPHWHUQ LVW IÚU  ’UHK]DKOVROOZHUWVSUÚQJH LQ %LOG  ]XVDP
PHQJHVWHOOW
7DEHOOH (UJHEQLVVH GHU 2SWLPLHUXQJVOlXIH ]XU ,GHQWLILNDWLRQ HLQHU /LQHDUDFKVH
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 ,GHQWLILNDWLRQ QLFKWOLQHDUHU .HQQOLQLHQ HLQHU :HUN]HXJPDVFKLQH
)HGHUQ ZHUGHQ LQ JUR|HU 6WÚFN]DKO LQ XQWHUVFKLHGOLFKVWHQ )RUPHQ PLW YDULLHUHQGHQ
’UDKWGXUFKPHVVHUQ XQG .HQQOLQLHQ JHEUDXFKW XQG GLHV EHL HLQHP PLQLPDOHQ 3UHLV
8P GLHVHP $QVSUXFK DQ )OH[LELOLWW JHUHFKW ]X ZHUGHQ ZHUGHQ KHXWH QXPHULVFK JH
 3DUDPHWHULGHQWLILNDWLRQ
VWHXHUWH )HGHUZLQGHPDVFKLQHQ HLQJHVHW]W GHUHQ KRKHU $QVFKDIIXQJVSUHLV VLFK QXU
GXUFK HLQH H[DNWH XQG JOHLFK]HLWLJ VFKQHOOH )HUWLJXQJ YRQ )HGHUQ DPRUWLVLHUW )ÚU GLH
8QWHUVXFKXQJ YRQ )HKOHUXUVDFKHQ EHL HLQHU VROFKHQ )HGHUZLQGHPDVFKLQH VROO PLW
HLQHP 6LPXODWLRQVPRGHOO GDV G\QDPLVFKH 9HUKDOWHQ GHU UHDOHQ 0DVFKLQH QDFKJHELO
GHW ZHUGHQ ’XUFK QGHUXQJHQ DP 0RGHOO N—QQHQ GDQQ PLW YHUJOHLFKEDU JHULQJHP
$XIZDQG LQ NXU]HU =HLW YHUVFKLHGHQH UHJHOXQJVWHFKQLVFKH .RQ]HSWH RGHU NRQVWUXN
WLYH 9HUQGHUXQJHQ UHDOLVLHUW XQG LKU (LQIOXVV DXI GLH 4XDOLWW GHV 3URGXNWV XQWHUVXFKW
ZHUGHQ 9RUDXVVHW]XQJ KLHUIÚU LVW MHGRFK DXFK KLHU HLQH JXWH ÛEHUHLQVWLPPXQJ ]ZL
VFKHQ 0RGHOO XQG UHDOHU 0DVFKLQH GLH GXUFK 9HUJOHLFKH YRQ 0HVVXQJHQ XQG 6LPXOD
WLRQVHUJHEQLVVHQ ]X EHVWWLJHQ LVW ’DUÚEHUKLQDXV N—QQHQ XQEHNDQQWH 5HLENHQQOL
QLHQ RGHU 6W—UJU—|HQ GHV 6\VWHPV PLW +LOIH YRQ 3DUDPHWHULGHQWLILNDWLRQVYHUIDKUHQ
HUPLWWHOW ZHUGHQ
%LOG  ]HLJW GLH ]X XQWHUVXFKHQGH 1& JHVWHXHUWH )HGHUZLQGHPDVFKLQH PLW ]ZHL
$QWULHEHQ (LQ 6HUYRPRWRU WUHLEW YLHU (LQ]XJZDO]HQ DQ ÚEHU GLH GHU )HGHUGUDKW QDFK
GHP ’XUFKODXIHQ GHU 5LFKWZDO]HQ GHU 0DVFKLQH ]XJHIÚKUW ZLUG ’HU ]ZHLWH 0RWRU LVW
ÚEHU =DKQULHPHQ PLW GHU )RUPHLQULFKWXQJ ZHOFKH GLH 6WHLJXQJ GHU 6SLUDOIHGHU EHHLQ
IOXVVW GHP :LQGHV\VWHP GDV GHQ )HGHUUDGLXV IHVWOHJW VRZLH GHU 6FKQHLGHLQULFK
WXQJ JHNRSSHOW ’HU $XIEDX XQG GLH ZHVHQWOLFKHQ 3DUDPHWHU GHU HOHNWURQLVFKHQ .RP
SRQHQWHQ GHU 0DVFKLQH NDQQ GHQ +HUVWHOOHUXQWHUODJHQ GHV GLJLWDOHQ 6HUYRUHJOHUV
>@ XQG GHQ ’DWHQEOWWHUQ GHU 0RWRUHQ >@ HQWQRPPHQ ZHUGHQ ’DEHL VLQG GLH
9HUVWUNXQJVIDNWRUHQ XQG =HLWNRQVWDQWHQ GHV 5HJOHUV LP *HJHQVDW] ]XU ,GHQWLILNDWLRQ








LP YRUDQJHKHQGHQ $EVFKQLWW EHNDQQW GD VLH ÚEHU HLQH 5HFKQHUVFKQLWWVWHOOH JHVHW]W
XQG DXVJHOHVHQ ZHUGHQ N—QQHQ ’LH %HVFKUHLEXQJ GHU PHFKDQLVFKHQ .RPSRQHQWHQ
HUIROJW GXUFK %HZHJXQJVJOHLFKXQJHQ DXI %DVLV GHU 0HKUN—USHUV\VWHPH XQG LVW LP
)RUVFKXQJVEHULFKW >@ GRNXPHQWLHUW ’D]X VLQG GHU NRQVWUXNWLYH $XIEDX VRZLH GLH
PDVVHQJHRPHWULVFKHQ 3DUDPHWHU GHQ .RQVWUXNWLRQVXQWHUODJHQ ]X HQWQHKPHQ $OV
ZHVHQWOLFKH 8QEHNDQQWH EOHLEHQ 5HLEXQJVNUIWH GLH DQ YHUVFKLHGHQHQ .RQWDNWVWHO
OHQ LP 6\VWHP DXIWUHWHQ VRZLH :LGHUVWDQGVNHQQOLQLHQ GHU $QWULHEH XQG =DKQULHPHQ
,P )ROJHQGHQ VROOHQ QXU HLQLJH %HVRQGHUKHLWHQ GDUJHVWHOOW ZHUGHQ GLH VLFK EHL GHU
,GHQWLILNDWLRQ GLHVHU 0DVFKLQH ]HLJWHQ GDV JUXQGVW]OLFKH 9RUJHKHQ HQWVSULFKW GHP
EHL GHU /LQHDUDFKVH
0HVVXQJHQ DP (LQ]XJ ]HLJHQ EHL NRQVWDQWHU 6ROOGUHK]DKO 6FKZLQJXQJHQ LP 6WURP
XQG ’UHK]DKOYHUODXI GHUHQ $PSOLWXGHQ PLW ZDFKVHQGHU ’UHK]DKO ÚEHUSURSRUWLRQDO
]XQHKPHQ %LOG  ’HV :HLWHUHQ NDQQ HLQ SURSRUWLRQDOHU =XVDPPHQKDQJ ]ZL








%LOG  6WURPVFKZDQNXQJHQ EHL XQWHUVFKLHGOLFKHQ ’UHK]DKOHQ












VFKHQ GHU ’UHK]DKO GHV 0RWRUV XQG GHU )UHTXHQ] GHU 6FKZLQJXQJ IHVWJHVWHOOW ZHU
GHQ 6ROFKH 6FKZLQJXQJHQ N—QQHQ GXUFK 5DVWPRPHQWH ZHOFKH DXV GHU GLVNUHWHQ
3RO]DKO GHV 6HUYRPRWRUV UHVXOWLHUHQ =+8 81' +2:( >@ RGHU HLQHQ VFKOHFKW DXVJH
OHJWHQ 0RWRU E]Z 6WURPUHJOHU YHUXUVDFKW ZHUGHQ 21* >@ ’D HLQ JHHLJQHWHV 0R
WRUPRGHOO ]XU %HUÚFNVLFKWLJXQJ GLHVHV (IIHNWV QLFKW ]XU 9HUIÚJXQJ VWHKW XQG DXI
*UXQG GHU LUUDWLRQDOHQ *HWULHEHÚEHUVHW]XQJ PHFKDQLVFKH (IIHNWH VRZLH ZHJHQ GHU
VWUHQJHQ ’UHK]DKODEKQJLJNHLW VFKZDFK JHGPSIWH (LJHQZHUWH GHU ’UHK]DKOUHJH





 N W VLQ 
HLQJHIÚKUW ’LH XQEHNDQQWH 9HUVWUNXQJ N VROO PLW +LOIH YRQ 2SWLPLHUXQJVYHUIDKUHQ
DXV HLQHP 9HUJOHLFK ]ZLVFKHQ 6LPXODWLRQ XQG 0HVVXQJHQ HUPLWWHOW ZHUGHQ ’DEHL
NDQQ GLH 9HUZHQGXQJ YRQ *ÚWHIXQNWLRQHQ  ]XU %HZHUWXQJ GHU $EZHLFKXQJ ]ZL
VFKHQ 6LPXODWLRQ XQG 0HVVXQJ LP =HLWEHUHLFK SUREOHPDWLVFK VHLQ %HUHLWV JHULQJH
’UHK]DKOIHKOHU ZLH VLH EHLVSLHOVZHLVH VHOEVW EHL HLQHU JXW DEJHVFKW]WHQ 5HLEXQJV
NHQQOLQLH DXIWUHWHQ IÚKUHQ ]X HLQHU ]HLWOLFKHQ 9HUVFKLHEXQJ YRQ JHPHVVHQHQ XQG VL
PXOLHUWHQ 6FKZLQJXQJHQ XQG GDPLW HLQHP JUR|HQ LQWHJUDOHQ )HKOHU $XV GLHVHP
*UXQG ZHUGHQ GLH .ULWHULHQ  XQG  ]XU JHWUHQQWHQ %HZHUWXQJ YRQ )UH
TXHQ]DEZHLFKXQJ XQG $PSOLWXGHQIHKOHU DXI %DVLV YRQ )RXULHUNRHIIL]LHQWHQ HLQJH
VHW]W
’LH LQ *OHLFKXQJ  HQWKDOWHQH 0RWRUIUHTXHQ]W ZLUG LP YRUOLHJHQGHQ VWDWLRQUHQ
%HWULHE LP:HVHQWOLFKHQ GXUFK GHQ 9HUODXI GHU GUHK]DKODEKQJLJHQ 5HLENHQQOLQLH EH
HLQIOXVVW 6RPLW NDQQ LQ HLQHP HUVWHQ 2SWLPLHUXQJVVFKULWW HLQH (UPLWWOXQJ GLVNUHWHU
6WÚW]VWHOOHQ GHU .HQQOLQLH GXUFK 0LQLPLHUXQJ GHV )UHTXHQ]NULWHULXPV  GXUFKJH
IÚKUW ZHUGHQ =ZLVFKHQ GHQ 6WÚW]VWHOOHQ OLHJHQGH 5HLEZHUWH HUKOW PDQ GXUFK OLQHDUH
,QWHUSRODWLRQ $QVFKOLH|HQG ZLUG GLH 6FKZLQJXQJVYHUVWUNXQJ N GHV 6W—UPRPHQWV
 DXI %DVLV GHV $PSOLWXGHQNULWHULXPV  HUPLWWHOW ’LH LQ %LOG  GDUJHVWHOO
WHQ (UJHEQLVVH ]HLJHQ HLQH VHKU JXWH ÛEHUHLQVWLPPXQJ GHU 6FKZLQJXQJVDPSOLWXGHQ
XQG IUHTXHQ]HQ EHL XQWHUVFKLHGOLFKHQ ’UHK]DKOHQ GHV 0RWRUV
(EHQVR ZLH EHL GHQ 0HVVXQJHQ DP (LQ]XJ WUHWHQ DXFK DP ]ZHLWHQ $QWULHE EHLP %H
WULHE GHU 6FKQHLGHLQULFKWXQJ 6FKZDQNXQJHQ LP 6WURP XQG ’UHK]DKOYHUODXI EHL NRQ
VWDQWHU 6ROOGUHK]DKOYRUJDEH DXI ’LHVH 6FKZLQJXQJHQ KDEHQ MHGRFK HLQH PHFKDQL
VFKH 8UVDFKH XQG ZHUGHQ XQWHU 9HUQDFKOVVLJXQJ TXDGUDWLVFK NOHLQHU 7HUPH GXUFK
GLH %HZHJXQJVJOHLFKXQJ
PU˘  ED FRV HÉ H P U ED H  VLQ H
 PJU VLQH E ): U VLQ H 
  3DUDPHWHULGHQWLILNDWLRQ























GHV LQ %LOG  GDUJHVWHOOWHQ ([]HQWHUDQWULHEV EHVFKULHEHQ %(67/( 81' */25$ >@
’LH DXV GHU 5HODWLYEHZHJXQJ GHV 6FKLHEHUV LQ GHU )ÚKUXQJ UHVXOWLHUHQGHQ :LGHU
VWDQGVNUIWH )
:
VLQG GDEHL DOV HLQ]LJH 8QEHNDQQWH GHU %HZHJXQJVJOHLFKXQJ H[SHUL
PHQWHOO ]X EHVWLPPHQ ’D HLQH GLUHNWH (UPLWWOXQJ GHU 5HLEXQJVNHQQOLQLH DXI HLQHP
3UÚIVWDQG GXUFK 9RUJDEH GHU 5HODWLYEHZHJXQJ XQG 0HVVXQJ GHU HQWVSUHFKHQGHQ
.UIWH QLFKW GXUFKIÚKUEDU ZDU PXVV GLH .HQQOLQLH LQGLUHNW DXV HLQHP 9HUJOHLFK YRQ
0HVVXQJ XQG 6LPXODWLRQ DP NRPSOHWWHQ ([]HQWHUDQWULHE JHZRQQHQ ZHUGHQ ’DEHL
WUDJHQ MHGRFK QLFKW QXU GLH 5HLENUIWH ]X 6FKZLQJXQJHQ EHL VRQGHUQ DXFK GDV QLFKW
NRQVWDQWH 7UJKHLWVPRPHQW XQG 1LFKWOLQHDULWWHQ LQ GHQ 7HUPHQ GHU =HQWULIXJDO XQG
X|HUHQ .UIWH =XVW]OLFKH (IIHNWH HQWVWHKHQ EHL GHU 5ÚFNIÚKUXQJ GHU ’UHK]DKO
VFKZDQNXQJHQ GXUFK GHQ ’UHK]DKOUHJOHU VR GDVV HLQH ,GHQWLILNDWLRQ GHU 5HLENHQQOL
QLH DXI %DVLV UHLQHQ 3URELHUHQV DXVVLFKWVORV HUVFKHLQW ’HVKDOE ZLUG DXFK KLHU HLQH
FRPSXWHUJHVWÚW]WH ,GHQWLILNDWLRQ GHU .HQQOLQLH DXI GHU %DVLV YRQ 2SWLPLHUXQJVYHUIDK
UHQ JHZKOW ZREHL LQ GLHVHP )DOO NHLQH NRQNUHWHQ $QQDKPHQ ÚEHU GHQ )XQNWLRQVYHU
ODXI JHPDFKW ZHUGHQ N—QQHQ ’DKHU ZLUG GLH .HQQOLQLH GLVNUHWLVLHUW XQG GLH 6WÚW]VWHO
OHQ GHU :LGHUVWDQGVNUDIW IÚU YRUJHJHEHQH 5HODWLYJHVFKZLQGLJNHLWHQ DOV 2SWLPLH
UXQJVSDUDPHWHU HLQJHIÚKUW %LOG  5HLENUIWH IÚU GD]ZLVFKHQ OLHJHQGH *HVFKZLQ
GLJNHLWHQ ZHUGHQ GXUFK OLQHDUH RGHU 6SOLQH,QWHUSRODWLRQ HUPLWWHOW
 3DUDPHWHULGHQWLILNDWLRQ














%HL GHU )HVWOHJXQJ JHHLJQHWHU *ÚWHIXQNWLRQHQ WUHWHQ LP =HLWEHUHLFK GLH EHUHLWV YRP
(LQ]XJ EHNDQQWHQ ’ULIWSUREOHPH DXI 8P GLH =HLWDEKQJLJNHLW DXV]XEOHQGHQ ZLUG
KLHU HLQH ’DUVWHOOXQJ GHU 0HVVXQJHQ LP 3KDVHQUDXP JHZKOW LP YRUOLHJHQGHQ )DOO
GDV $XIWUDJHQ GHU ’UHK]DKO RGHU 6WURPVFKZDQNXQJHQ ÚEHU GHP ’UHKZLQNHOH
%LOG  7URW] GHV 5DXVFKDQWHLOV LVW HLQH GHXWOLFKH $EKQJLJNHLW GHV 9HUODXIV YRP
([]HQWHUZLQNHO HUNHQQEDU DOOHUGLQJV EHUHLWHW VRZRKO GDV 0HVVUDXVFKHQ DOV DXFK GLH
QLFKW TXLGLVWDQWH VRQGHUQ GLH GXUFK VFKZDQNHQGH ’UHK]DKOHQ EHGLQJWH XQJOHLFKH
$EV]LVVHQDXIWHLOXQJ 3UREOHPH EHLP 9HUJOHLFK PLW 6LPXODWLRQVHUJHEQLVVHQ 8P VR
ZRKO GHQ 5DXVFKDQWHLO ]X XQWHUGUÚFNHQ DOV DXFK HLQH JHHLJQHWH )RUP IÚU GLH )RUPX
OLHUXQJ GHU *ÚWHIXQNWLRQ IHVW]XOHJHQ ZLUG GHU :LQNHOEHUHLFK LQ. GLVNUHWH $EVFKQLWWH









OHJW :HUGHQ DOOH LQ HLQHP %HUHLFK HQWKDOWHQHQ 0HVVZHUWHLQ Q
 1 EHLVSLHOV






























%LOG  ’DUVWHOOXQJ GHV 6WURPYHUODXIV EHU GHP ([]HQWHUZLQNHO









































%HL 9HUZHQGXQJ GHV 5HFKWHFN)HQVWHUVZH  JHKW GLH %H]LHKXQJ  LQ HLQH
XQEHZHUWHWH 0LWWHOZHUWELOGXQJ ÚEHU ’LH DXI %DVLV GHV +DQQLQJ)HQVWHUV HUPLWWHOWH
.XUYH PLW GHQ 6WÚW]VWHOOHQ L
A
N
H LVW HEHQIDOOV LQ %LOG  HLQJHWUDJHQ ’XUFK GLH EH
ZHUWHWH 0LWWHOXQJ HUKOW PDQ HLQHQ JHJOWWHWHQ 6WURPYHUODXI GHVVHQ GLVNUHWH 6WÚW]
VWHOOHQ JXW PLW 6LPXODWLRQVHUJHEQLVVHQ YHUJOHLFKEDU VLQG












EHVFKUHLEW GLH $EZHLFKXQJHQ ]ZLVFKHQ JHPHVVHQHQ ,QGH[0 XQG VLPXOLHUWHQ ,Q
GH[ 6 6WURPYHUOXIHQ ’LH PLW GLHVHU *ÚWHIXQNWLRQ LGHQWLIL]LHUWH :LGHUVWDQGVNXUYH LVW
EHUHLWV LQ %LOG  GDUJHVWHOOW GLH HQWVSUHFKHQGHQ 6FKZDQNXQJHQ LP 6WURPYHUODXI
EHL XQWHUVFKLHGOLFKHQ 6ROOGUHK]DKOHQ ]HLJW %LOG  ’LH VLPXOLHUWHQ XQG H[SHULPHQ
WHOO JHPHVVHQHQ 9HUOXIH ]HLJHQ LQVJHVDPW HLQH JXWH ÛEHUHLQVWLPPXQJ EH]ÚJOLFK
GHU :LQNHODEKQJLJNHLW
  3DUDPHWHULGHQWLILNDWLRQ


















’HU (LQVDW] YRQ 2SWLPLHUXQJVYHUIDKUHQ EDVLHUW KHXWH PHLVW DXI EHUHFKQHWHQ .ULWHULHQ
ZHUWHQ *UXQGVW]OLFK LVW GLH $QZHQGEDUNHLW GHU 2SWLPLHUXQJVDOJRULWKPHQ MHGRFK
QLFKW DXI 6LPXODWLRQHQ EHVFKUQNW ’D GLH +HUNXQIW GHU .ULWHULHQZHUWH NHLQH 5ROOH
VSLHOW NDQQ HLQH 2SWLPLHUXQJ DXFK DXI %DVLV YRQ ([SHULPHQWHQ XQG 0HVVXQJHQ
GXUFKJHIÚKUW ZHUGHQ (LQH VROFKH .RSSOXQJ HLQHV 2SWLPLHUXQJVDOJRULWKPXV PLW GHU
+DUGZDUH GHV 9HUVXFKV ZLUG LP )ROJHQGHQ DOV +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
NXU] +L/ 2SWLPLHUXQJ EH]HLFKQHW
%HUHLWV LQ .DSLWHO  ZXUGH HLQ ZHVHQWOLFKHV 3UREOHP GHU +L/ 2SWLPLHUXQJ DQJHVSUR
FKHQ ’DV LQ GHU 5HJHO QLFKW ]X YHUPHLGHQGH 0HVVUDXVFKHQ IÚKUW GD]X GDVV VHOEVW
PHKUHUH QDFKHLQDQGHU GXUFKJHIÚKUWH 9HUVXFKH PLW GHQVHOEHQ (QWZXUIVSDUDPHWHUQ
VWUHXHQGH .ULWHULHQZHUWH OLHIHUQ ’LHV ZLUNW VLFK QHJDWLY DXI GLH (IIL]LHQ] XQG GDV .RQ
YHUJHQ]YHUKDOWHQ GHU 2SWLPLHUXQJVDOJRULWKPHQ DXV VR GDVV GLH $OJRULWKPHQ DQJH
SDVVW XQG XP GDV LQ $EVFKQLWW  YRUJHVWHOOWH $SSUR[LPDWLRQVYHUIDKUHQ HUZHLWHUW
ZHUGHQ
,Q GHQ IROJHQGHQ $EVFKQLWWHQ ZHUGHQ ]XQFKVW GLH 9RUDXVVHW]XQJ IÚU GLH ’XUFKIÚK
UXQJ GHU +L/ 2SWLPLHUXQJ ]XVDPPHQJHIDVVW XQG GHU LP 5DKPHQ GHU YRUOLHJHQGHQ
$UEHLW NRQ]LSLHUWH $XIEDX ]XU DXWRPDWLVLHUWHQ +L/ 2SWLPLHUXQJ YRUJHVWHOOW =ZHL %HL
VSLHOH ]XU RSWLPDOHQ $XVOHJXQJ YRQ 6FKZLQJXQJVWLOJHUQ GHPRQVWULHUHQ GLH (LQVDW]
P—JOLFKNHLWHQ XQG (IIL]LHQ] GHV EHVFKULHEHQHQ 9RUJHKHQV
 9RUDXVVHW]XQJHQ IÚU DXWRPDWLVLHUWH +L/ 2SWLPLHUXQJ
(LQH 9RUDXVVHW]XQJ IÚU GLH $QZHQGXQJ GHU LQ $EVFKQLWW  EHVFKULHEHQHQ 2SWLPLH
UXQJVYHUIDKUHQ LVW GLH NRQWLQXLHUOLFKH 9DULLHUEDUNHLW GHU (QWZXUIVSDUDPHWHU LQQHUKDOE
JHJHEHQHU *UHQ]HQ GLH 9HUIDKUHQ VLQG DOVR QLFKW IÚU HLQH ,QWHJHURSWLPLHUXQJ JHHL
JQHW ’LH LP ’LJLWDOUHFKQHU ]ZDQJVOXILJ DXIWUHWHQGH 4XDQWLVLHUXQJ DXI *UXQG GHU
HQGOLFK JHQDXHQ =DKOGDUVWHOOXQJ ] % Û%(5+8%(5 >@ NDQQ GDEHL MHGRFK YHUQDFK
OVVLJW ZHUGHQ ZHQQ VLH NOHLQ JHJHQÚEHU GHU JHIRUGHUWHQ *HQDXLJNHLW DQ GHQ 0LQL
PLHUHU VLQG .—QQHQ GLH 3DUDPHWHU HLQHV 9HUVXFKV NRQWLQXLHUOLFK YHUQGHUW ZHUGHQ
VR NDQQ HLQH +L/ 2SWLPLHUXQJ JUXQGVW]OLFK GXUFKJHIÚKUW ZHUGHQ ,Q GHU 3UD[LV JH
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
VWDOWHW VLFK HLQH IUHLH 9DULDWLRQ YRQ 3DUDPHWHUQ HLQHV PHFKDQLVFKHQ 6\VWHPV DOOHU
GLQJV RIW DOV VFKZLHULJ ZHLO EHLVSLHOVZHLVH )HGHUQ XQG ’PSIHU PLW EHOLHELJHQ .HQQ
OLQLHQ QLFKW ]XU 9HUIÚJXQJ VWHKHQ XQG (LQ]HODQIHUWLJXQJHQ GHQ HUIRUGHUOLFKHQ $XI
ZDQG QLFKW UHFKWIHUWLJHQ (LQIDFKHU LVW GLH 9DULLHUEDUNHLW YRQ 3DUDPHWHUQ PHFKDWURQL
VFKHU 6\VWHPH ZR EHLVSLHOVZHLVH 3DUDPHWHU HLQHV 6WHXHUJHUWV EHOLHELJ YHUQGHU
EDU VLQG ,Q GLHVHQ )OOHQ NDQQ GLH 2SWLPLHUXQJVVRIWZDUH ÚEHU GHQ $QZHQGHU PLW
GHP ([SHULPHQW JHNRSSHOW ZHUGHQ %LOG  ’DV 8QWHUSURJUDPP ]XU .ULWHULHQEH
UHFKQXQJ JLEW GLH YRP 2SWLPLHUXQJVDOJRULWKPXV YRUJHVFKODJHQHQ (QWZXUIVSDUDPH
WHU DQ GHQ %HQXW]HU ZHLWHU GHU GLH 3DUDPHWHU DP ([SHULPHQW HLQVWHOOW GHQ 9HUVXFK
GXUFKIÚKUW XQG DXVZHUWHW ’LH VR HUPLWWHOWHQ .ULWHULHQZHUWH ZHUGHQ GDQQ YRP %HQXW
]HU DQ GDV 8QWHUSURJUDPP ]XUÚFNJHJHEHQ XQG LP 2SWLPLHUXQJVDOJRULWKPXV YHUDU
EHLWHW (LQH GHUDUWLJH .RSSOXQJ ÚEHU GLH %HQXW]HU6FKQLWWVWHOOH KDW GHQ ZHVHQWOLFKHQ
1DFKWHLO GDVV GHU %HQXW]HU GXUFK GDV ’XUFKIÚKUHQ GHU ([SHULPHQWH DEJHOHQNW LVW
XQG VLFK QLFKW PHKU DXI GLH %HGLHQXQJ GHU 2SWLPLHUXQJ ZLH ] % JHHLJQHWH 9RUJDEHQ
EHL GHU 0HKUNULWHULHQRSWLPLHUXQJ NRQ]HQWULHUHQ NDQQ =XGHP N—QQHQ VLFK EHL GHU %H
GLHQXQJ )HKOHU HLQVFKOHLFKHQ ZHQQ 3DUDPHWHU IDOVFK HLQJHVWHOOW RGHU IHKOHUKDIWH .UL
WHULHQZHUWH ÚEHUWUDJHQ ZHUGHQ
8P GHUDUWLJH )HKOHU DXV]XVFKOLH|HQ XQG GHQ %HQXW]HU YRQ GHU PRQRWRQHQ 7WLJNHLW
GHV 3DUDPHWHUHLQVWHOOHQV ]X HQWODVWHQ VROOWH GLH +L/ 2SWLPLHUXQJ GXUFK HLQH JHHL
JQHWH 6FKQLWWVWHOOH ]ZLVFKHQ 2SWLPLHUXQJVVRIWZDUH XQG ([SHULPHQW DXWRPDWLVLHUW
ZHUGHQ %LOG  ,Q GLHVHP )DOO ÚEHUQLPPW GDV 8QWHUSURJUDPP GLH $XIJDEHQ GHU
3DUDPHWHUÚEHUWUDJXQJ DQ GDV 6WHXHUJHUW GDV 6WDUWHQ GHV 9HUVXFKV GLH $XI]HLFK

































QXQJ GHU 0HVVGDWHQ XQG DOV OHW]WHQ 6FKULWW GLH $XVZHUWXQJ GHU .ULWHULHQZHUWH ’HU
%HQXW]HU KDW GDQQ QXU QRFK GHQ 9HUVXFK ]X ÚEHUZDFKHQ XQG LQ 1RWIOOHQ DE]XEUH
FKHQ VR GDVV HU VLFK YROO DXI GLH +DXSWDXIJDEH GHU 2SWLPLHUXQJVVWHXHUXQJ NRQ]HQ
WULHUHQ NDQQ )ÚU GLH IROJHQGHQ %HLVSLHOH ZHUGHQ IÚU GLH 3DUDPHWHUÚEHUWUDJXQJ XQG
GLH ’DWHQDXI]HLFKQXQJ GLH 6RIWZDUH3URGXNWH POLE >@ XQG PWUDFH >@ YHUZHQGHW
ZHOFKH HLQH .RSSOXQJ ]ZLVFKHQ GHU DXI 0$7/$% EDVLHUHQGHQ 2SWLPLHUXQJVVRIWZDUH
XQG GHU (FKW]HLWKDUGZDUH GHU )LUPD G63$&( HUP—JOLFKHQ
 $QZHQGXQJ DP %HLVSLHO YRQ 6FKZLQJXQJVWLOJHUQ
,Q VFKZDFK JHGPSIWHQ 6\VWHPHQ N—QQHQ 5HVRQDQ]HUVFKHLQXQJHQ ]X .RPIRUWEH
HLQWUFKWLJXQJHQ 6LFKHUKHLWVSUREOHPHQ RGHU VRJDU GURKHQGHQ 6FKGHQ DP 6\VWHP
IÚKUHQ 6R EHVFKUHLEW +(66( >@ GLH 3UREOHPDWLN GHU 1LFNVFKZLQJXQJHQ YRQ 7UDNWR
UHQ RGHU *DEHOVWDSOHUQ ZHOFKH GLHVH )DKU]HXJH EHUHLWV EHL QLHGULJHQ *HVFKZLQGLJ
NHLWHQ XQEHKHUUVFKEDU PDFKHQ ,Q PRGHUQHQ 6FKLIIHQ GHU 0DULQH UHDJLHUW GLH HOHNWUR
QLVFKH $XVUÚVWXQJ HPSILQGOLFK DXI 6W—UXQJHQ GLH GXUFK ]X JUR|H 6FKZLQJXQJVDP
SOLWXGHQ YHUXUVDFKW ZHUGHQ .$.,128&+, (7 $/ >@ JUR|H %UÚFNHQ RGHU 7ÚUPH N—QQHQ
GXUFK :LQGDQUHJXQJ VR VWDUN LQ 6FKZLQJXQJHQ YHUVHW]W ZHUGHQ GDVV HUQVWKDIWH
6FKGHQ DP %DXZHUN HQWVWHKHQ 5$36 >@ %HL &DEULRV IÚKUW GLH $QUHJXQJ GXUFK
XQHEHQH )DKUEDKQREHUIOFKHQ DXI *UXQG GHU JHULQJHQ 7RUVLRQVVWHLILJNHLW GHU .DURV
VHULH ]X 6FKZLQJXQJHQ GLH GHU )DKUHU GXUFK (UVFKÚWWHUXQJHQ DP /HQNUDG RGHU RS
WLVFK GXUFK 9LEUDWLRQHQ GHV 5ÚFNVSLHJHOV ZDKUQLPPW .2+/0(,(5 (7 $/ >@
:HQQ HLQH NRQVWUXNWLYH QGHUXQJ GHV 6\VWHPV GXUFK ]XVW]OLFKH 9HUVWHLIXQJHQ QLFKW
P—JOLFK ]X DXIZHQGLJ RGHU PLW 1DFKWHLOHQ ZLH XQDN]HSWDEOHP 0HKUJHZLFKW YHUEXQ
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
GHQ LVW N—QQHQ 7LOJHU ]XU 5HGXNWLRQ GHU 6FKZLQJXQJVDPSOLWXGHQ HLQJHVHW]W ZHUGHQ
ÛEOLFKHUZHLVH ZLUG GDEHL HLQH ]XVW]OLFKH 7UJKHLW HLQJHVHW]W GHUHQ %HZHJXQJ LP
6\VWHP .UIWH HU]HXJW ZHOFKH LP ,GHDOIDOO GLH $QUHJXQJ GHU 6FKZLQJXQJ NRPSHQVLH
UHQ 1DFK $UW GHV 6\VWHPV XQWHUVFKHLGHW PDQ SDVVLYH DNWLYH XQG VHPLDNWLYH
6FKZLQJXQJVWLOJHU 3DVVLYH 7LOJHU DUEHLWHQ RKQH GLH =XIXKU X|HUHU (QHUJLH VHPLDN
WLYH 6\VWHPH EHQ—WLJHQ OHGLJOLFK JHULQJH (QHUJLHEHWUJH ]XU 9DULDWLRQ GHU 3DUDPHWHU
YRQ TXDVL SDVVLY DUEHLWHQGHQ 7LOJHUQ ZKUHQG EHL DNWLYHQ 7LOJHUQ GLH HUIRUGHUOLFKHQ
.UIWH XQG %HZHJXQJHQ GXUFK 6WHOOJOLHGHU XQWHU =XIXKU X|HUHU (QHUJLH HU]HXJW ZHU
GHQ 9RUDXVVHW]XQJ IÚU GHQ (LQVDW] DNWLYHU 7LOJHUV\VWHPH LVW QHEHQ GHP PHFKDQLVFK
DUEHLWHQGHQ 6WHOOJOLHG GLH %HUHLWVWHOOXQJ YRQ 6HQVRUHQ ]XU 6FKZLQJXQJVPHVVXQJ
XQG HLQHU ]XPHLVW HOHNWURQLVFK DUEHLWHQGHQ 6WHXHUXQJ GHV 6WHOOJOLHGV ’XUFK GLH
SUHLVZHUWH 9HUIÚJEDUNHLW HOHNWURQLVFKHU 6WHXHUXQJHQ VHW]HQ VLFK DNWLYH 6\VWHPH YRU
DOOHP GRUW GXUFK ZR SDVVLYH 7LOJHU QLFKW ]XIULHGHQ VWHOOHQG DUEHLWHQ RGHU EHUHLWV YRU
KDQGHQH 6WHOOJOLHGHU JHQXW]W ZHUGHQ N—QQHQ ZLH ]XP %HLVSLHO GLH +XEK\GUDXOLN YRQ
7UDNWRUHQ
,Q GHQ IROJHQGHQ $EVFKQLWWHQ ZLUG GDV 3UREOHP GHU 7RUVLRQVVFKZLQJXQJHQ YRQ &D
EULRV DQ HLQHP YHUHLQIDFKWHQ 5DKPHQPRGHOO UHFKQHULVFK XQG H[SHULPHQWHOO XQWHU
VXFKW )ÚU GLH ’PSIXQJ GHU 6FKZLQJXQJ ZLUG VRZRKO HLQ SDVVLYHV 7LOJHUNRQ]HSW DOV
DXFK HLQ PHFKDWURQLVFKHV DNWLYHV 7LOJHUV\VWHP HQWZRUIHQ XQG RSWLPLHUW
 6FKZLQJXQJVSUREOHP
=XU SULQ]LSLHOOHQ 8QWHUVXFKXQJ GHU DQ &DEULRV DXIWUHWHQGHQ 6FKZLQJXQJVSUREOHPH
-Ñ67 81' 3$/(&=(. >@ ZLUG HLQ HLQIDFKHU 6WDKOUDKPHQ YHUZHQGHW GHU XQWHU G\QDPL
VFKHQ *HVLFKWVSXQNWHQ GLH (LJHQVFKDIWHQ HLQHU .DURVVHULH YROOVWQGLJ ZLGHUVSLHJHOW
8P GLH (LJHQIUHTXHQ]HQ DQ GDV UHDOH 6\VWHP DQ]XSDVVHQ ZLUG GHU 5DKPHQTXHU
VFKQLWW JHHLJQHW JHZKOW XQG ]XVW]OLFKH (FNPDVVHQ DQJHEUDFKW .,56&+ >@ XQG
%LOG 
)ÚU GLH UHFKQHULVFKH $QDO\VH GHU (LJHQVFKZLQJXQJHQ HLJQHW VLFK HLQ )LQLWH (OHPHQWH
0RGHOO GHV 5DKPHQV %LOG  ’HU 5DKPHQ ZLUG GD]X DXV %DONHQHOHPHQWHQ ]XVDP
PHQJHVHW]W ZHOFKH 7RUVLRQ XQG %LHJXQJ XP $FKVHQ LQ GHU 5DKPHQHEHQH HUODXEHQ
%LHJHVFKZLQJXQJHQ XP GLH +RFKDFKVH VRZLH /QJVVFKZLQJXQJHQ LQ GHU 5DKPHQH
EHQH OLHJHQ DX|HUKDOE GHV LQWHUHVVLHUHQGHQ )UHTXHQ]EHUHLFKV XQG N—QQHQ HQWZHGHU
EHUHLWV EHL GHU 0RGHOOLHUXQJ RGHU EHL GHQ VSWHUHQ %HUHFKQXQJHQ GXUFK $XVZDKO GHU
]X EHUÚFNVLFKWLJHQGHQ (LJHQPRGHQ HOLPLQLHUW ZHUGHQ )ÚU HLQ 7RUVLRQVHOHPHQW
%LOG D PLW GHU /QJH / GHP 7RUVLRQVIOFKHQPRPHQW ,W GHU ’LFKWH S XQG GHP
6FKXEPRGXO * ILQGHW PDQ EHL /,1. >@ PLW GHQ .QRWHQYHUGUHKXQJHQ
 +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ









































































  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
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’LH JOREDOH 0DVVHQ XQG 6WHLILJNHLWVPDWUL[ HUKOW PDQ XQWHU %HUÚFNVLFKWLJXQJ GHV
=XVDPPHQKDQJV ]ZLVFKHQ ORNDOHQ 9HUVFKLHEXQJHQ XQG JOREDOHQ .RRUGLQDWHQ QDFK
*OHLFKXQJ  XQG  DXV GHQ (OHPHQWPDWUL]HQ =XVW]OLFK ZLUG GHU (LQIOXVV GHU
)HGHUDXIKQJXQJ LQ GHU 6WHLILJNHLWVPDWUL[ XQG GLH DQ GHQ (FNHQ DQJHEUDFKWHQ 0DV
VHQ LQ GHU 0DVVHQPDWUL[ EHUÚFNVLFKWLJW (LQH UHFKQHULVFKH 0RGDODQDO\VH GHV XQJH
 +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
GPSIWHQ 5DKPHQV OLHIHUW GLH LQ %LOG  GDUJHVWHOOWHQ (LJHQIRUPHQ GLH VLFK DOV 7RU









%LOG  (LJHQIRUPHQ GHV 6WDKOUDKPHQV
=XU 9HULILNDWLRQ GHV 0RGHOOV XQG ]XU %HVWLPPXQJ GHU ’PSIXQJ ZLUG HLQH H[SHUL
PHQWHOOH 0RGDODQDO\VH DP UHDOHQ 5DKPHQ GXUFKJHIÚKUW %$/0ü6 >@ ’D]X ZHUGHQ
GLH 5DKPHQVFKZLQJXQJHQ PLW +LOIH HLQHV 0RGDOKDPPHUV DQJHUHJW %HVFKOHXQL
JXQJVPHVVXQJHQ DQ GHQ (FNHQ XQG 6HLWHQPLWWHQ VLQG 9RUDXVVHW]XQJ ]XU %HUHFK
QXQJ GHU )UHTXHQ]JQJH QDFK *OHLFKXQJ  7DEHOOH  ]HLJW HLQH *HJHQÚEHU
VWHOOXQJ GHU (UJHEQLVVH YRQ H[SHULPHQWHOOHU XQG UHFKQHULVFKHU 0RGDODQDO\VH (LQ
9HUJOHLFK GHU )UHTXHQ]HQ OVVW HLQH JXWH ÛEHUHLQVWLPPXQJ HUNHQQHQ ’LH H[SHUL
PHQWHOO EHVWLPPWHQ ’PSIXQJVPD|H GHU HLQ]HOQHQ 0RGHQ ZHUGHQ HQWVSUHFKHQG
*OHLFKXQJ  LQ GDV 5HFKHQPRGHOO ÚEHUQRPPHQ IÚU DOOH H[SHULPHQWHOO QLFKW LGHQ
WLIL]LHUWHQ 0RGHQ ZLUG HLQ /HKU
VFKHV ’PSIXQJVPD| YRQ’
  DQJHQRPPHQ
7DEHOOH  (UJHEQLVVH GHU UHFKQHULVFKHQ XQG H[SHULPHQWHOOHQ 0RGDODQDO\VH
)(0RGHOO H[SHULPHQWHOOH 0RGDODQDO\VH
(LJHQIRUP
(LJHQIUHTXHQ] >+]@ (LJHQIUHTXHQ] >+]@ /HKU
VFKHV’PSIXQJVPD| >@
7RUVLRQ   
%LHJXQJ   
JHJHQVLQQLJH
%LHJXQJ   
NXU]H %LHJXQJ   
JHJHQVLQQLJH
NXU]H %LHJXQJ   
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
,Q GHQ ZHLWHUHQ H[SHULPHQWHOOHQ 8QWHUVXFKXQJHQ ZLUG GHU 5DKPHQ DQ HLQHU (FNH
GXUFK HLQHQ +\GUDXOLN]\OLQGHU ]X 6FKZLQJXQJHQ DQJHUHJW GLH ÚEHU %HVFKOHXQL
JXQJVVHQVRUHQ DQ DOOHQ YLHU (FNHQ GHV 5DKPHQV JHPHVVHQ ZHUGHQ %LOG  $OV
0D| IÚU GLH NRPIRUWEHHLQWUFKWLJHQGH 7RUVLRQVVFKZLQJXQJ ZLUG GHU :LQNHO

































  GHILQLHUW 0LW GLHVHU )HVWOHJXQJ NDQQ GHU (LQIOXVV GHU $QUHJXQJ DXI GLH





EHVFKULHEHQ ZHUGHQ ’LHVH ÛEHUWUDJXQJVIXQNWLRQ NDQQ ]XP HLQHQ PLW +LOIH GHV 0R
GHOOV UHFKQHULVFK DXV HLQHU /DSODFH7UDQVIRUPDWLRQ GHU %HZHJXQJVJOHLFKXQJ HUPLW
WHOW ZHUGHQ ]XP DQGHUHQ LVW HLQH H[SHULPHQWHOOH (UPLWWOXQJ GHV )UHTXHQ]JDQJV PLW
+LOIH GHU )RXULHU7UDQVIRUPDWLRQ DXV GHU 0HVVXQJ YRQ $QUHJXQJ XQG %HVFKOHXQLJXQ
JHQ DP 5DKPHQ P—JOLFK
 +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
)ÚU HLQH 5HGX]LHUXQJ GHU 7RUVLRQVVFKZLQJXQJ NDQQ HQWZHGHU HLQ SDVVLYHU 6FKZLQ
JXQJVWLOJHU RGHU HLQ DNWLYHV 6\VWHP ]XU 6FKZLQJXQJVGPSIXQJ HLQJHVHW]W ZHUGHQ
,Q EHLGHQ )OOHQ VLQG HQWVSUHFKHQGH 3DUDPHWHU GHV 7LOJHUV\VWHPV DXI GLH 3UREOHP
VWHOOXQJ DE]XVWLPPHQ )ÚU HLQH RSWLPDOH $XVOHJXQJ ILQGHW PDQ EHL .2/296.< >@ IRO
JHQGH .ULWHULHQ
- %HJUHQ]XQJ GHU PD[LPDOHQ %HVFKOHXQLJXQJHQ DOV .RPIRUWNULWHULXP
- 0LQLPLHUXQJ GHU 8PZHOWEHODVWXQJ ] % GXUFK DXI )XQGDPHQWH ZLUNHQGH .UIWH
- %HVFKUQNXQJ YRQ $XVOHQNXQJHQ LQVEHVRQGHUH EHL ZHLFKHQ $XIKQJXQJHQ
- %HJUHQ]XQJ YRQ 6WHOOJU—|HQ EHL DNWLYHQ 6\VWHPHQ
- 3DUDPHWHUVFKUDQNHQ ] % %HJUHQ]XQJ GHU 7LOJHUPDVVH
$OV ZHVHQWOLFKHV .ULWHULXP EHL GHU $XVOHJXQJ GHV .DURVVHULHVFKZLQJXQJVWLOJHUV ELH
WHW VLFK GHU .RPIRUW DQ ’HVKDOE ZLUG IÚU GLH IROJHQGHQ 8QWHUVXFKXQJHQ GDV 0D[L





DOV SULPUHV *ÚWHNULWHULXP YHUZHQGHW
 3DVVLYHU 6FKZLQJXQJVWLOJHU
)ÚU GLH SDVVLYH 6FKZLQJXQJVWLOJXQJ DQ &DEULRV ZHUGHQ 7LOJHUPDVVHQ JHGPSIWHOD
VWLVFK DQ GHU .DURVVHULH DXIJHKQJW $OV 7LOJHUPDVVHQ N—QQHQ GDEHL EHUHLWV YRUKDQ
GHQH $JJUHJDWH RGHU DEHU ]XVW]OLFKH 7UJKHLWHQ HLQJHVHW]W ZHUGHQ ’LH HUUHLFKEDUH
9HUEHVVHUXQJ GHV 6W—UYHUKDOWHQV ZFKVW PLW ]XQHKPHQGHU 7LOJHUPDVVH MHGRFK
VWHLJW GDPLW DXFK GDV *HZLFKW GHV )DKU]HXJV ZDV LP $OOJHPHLQHQ QLFKW HUZÚQVFKW
LVW 6RPLW LVW HV $XIJDEH GHV ,QJHQLHXUV GLH 7LOJHUDXIKQJXQJ IÚU JHJHEHQH 0DVVHQ
VR DE]XVWLPPHQ GDVV GDV 6\VWHP P—JOLFKVW XQHPSILQGOLFK DXI X|HUH 6W—UXQJHQ
UHDJLHUW
=XU 7LOJXQJ GHU 7RUVLRQVVFKZLQJXQJHQ GHV EHVFKULHEHQHQ 5DKPHQV ZLUG HLQ 7LOJHU
PLW GHU 0DVVH P
  NJ DQ GHU GHU $QUHJXQJ JHJHQÚEHUOLHJHQGHQ (FNH DQJH
EUDFKW )ÚU GLH :LUNXQJ GHV 7LOJHUV LVW GLHVH )HVWOHJXQJ GHU 3RVLWLRQ XQHUKHEOLFK GD
GHU 7LOJHU DXI *UXQG GHU 6\PPHWULH GHU 7RUVLRQVHLJHQIRUP DQ MHGHU (FNH GHQ JOHL
FKHQ (LQIOXVV DXI GDV 6\VWHP KDW 1DFK )HVWOHJXQJ GHU 7LOJHUPDVVH EOHLEHQ GLH 3DUD
PHWHU 6WHLILJNHLW F XQG ’PSIXQJ G GHU 7LOJHUDXIKQJXQJ IÚU HLQH 2SWLPLHUXQJ GHV
6\VWHPYHUKDOWHQV $QVWHOOH GHU DEVROXWHQ ’PSIXQJVZHUWHG ZLUG EHL 6FKZLQJXQJV
XQWHUVXFKXQJHQ KXILJ GDV /HKU






  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
JHQÚJW 0$*186 >@ ,Q %LOG  LVW GHU (LQIOXVV GHU 6WHLILJNHLW HLQHV XQJHGPSIWHQ
7LOJHUV DXI GHQ $PSOLWXGHQIUHTXHQ]JDQJ GDUJHVWHOOW ’LH 7RUVLRQVVFKZLQJXQJ ZLUG






DXVJHO—VFKW %HL GLHVHU )UHTXHQ] HQWVWHKHQ GXUFK GLH JHJHQSKDVLJH %HZHJXQJ GHV
7LOJHUV .UIWH ZHOFKH GLH $QUHJXQJ YROOVWQGLJ NRPSHQVLHUHQ /LQNV XQG UHFKWV GLH
VHU 7LOJXQJVIUHTXHQ] WUHWHQ MHGRFK ZHLWHUKLQ $PSOLWXGHQÚEHUK—KXQJHQ DXI GLH LQ GHU
*U—|HQRUGQXQJ GHV XUVSUÚQJOLFKHQ 6\VWHPV RKQH 7LOJHU OLHJHQ ’DKHU NDQQ HLQ XQ
JHGPSIWHU 7LOJHU QXU HLQJHVHW]W ZHUGHQ ZHQQ GLH $QUHJXQJ GHV 6\VWHPV LQ HLQHP
VFKPDOEDQGLJHQ EHNDQQWHQ )UHTXHQ]LQWHUYDOO OLHJW 8P GLH DXIWUHWHQGHQ 6FKZLQJXQ
JHQ LQ HLQHP EUHLWHUHQ )UHTXHQ]EDQG ]X UHGX]LHUHQ LVW HLQH ]XVW]OLFKH ’PSIXQJ
’ GHU 7LOJHUDXIKQJXQJ HUIRUGHUOLFK +2/=:(,|,* 81' ’5(6,* >@ ’DGXUFK JHKW ]ZDU
GLH YROOVWQGLJH 7LOJXQJ LQ GHU $XVOHJXQJVIUHTXHQ] YHUORUHQ GLH 1HEHQPD[LPD ODV
VHQ VLFK MHGRFK GHXWOLFK UHGX]LHUHQ %LOG 
’LH 9DULDWLRQ GHU (QWZXUIVSDUDPHWHU 6WHLILJNHLW XQG ’PSIXQJ ]XU 0LQLPLHUXQJ GHU
*ÚWHIXQNWLRQ  IÚKUW DXI HLQ XQUHVWULQJLHUWHV VNDODUHV 2SWLPLHUXQJVSUREOHP


























































































%LOG  ]HLJW GLH .ULWHULHQZHUWH LQ $EKQJLJNHLW GHU EHLGHQ 3DUDPHWHU ’LH *ÚWH
IXQNWLRQ LVW NRQYH[ GHU 0LQLPLHUHU S H[LVWLHUW XQG LVW HLQGHXWLJ VR GDVV HLQH QXPHUL
VFKH 2SWLPLHUXQJ ]XP %HLVSLHO PLW GHQ LQ $EVFKQLWW  YRUJHVWHOOWHQ 6WDQGDUGDOJR
ULWKPHQ GXUFKJHIÚKUW ZHUGHQ NDQQ
:KUHQG HLQH 3DUDPHWHUVWXGLH E]Z 2SWLPLHUXQJ DP 5DKPHQPRGHOO HLQIDFK GXUFK
]XIÚKUHQ LVW VLQG H[SHULPHQWHOOH 8QWHUVXFKXQJHQ HLQHV SDVVLYHQ 6FKZLQJXQJVWLOJHUV
DXI *UXQG GHU HUIRUGHUOLFKHQ 8PEDXWHQ VHKU DXIZHQGLJ :HLWHUH 6FKZLHULJNHLWHQ EH
UHLWHW GLH 9HUIÚJEDUNHLW EHOLHELJ IHLQ DEJHVWXIWHU )HGHU’PSIXQJV(OHPHQWH +LHU
ELHWHW GLH 0HFKDWURQLF HLQHQ $XVZHJ GLH GHQ %DX YLHOHU SDVVLYHU 3URWRW\SHQ ÚEHU
IOÚVVLJ PDFKW :LH LQ $EVFKQLWW  EHVFKULHEHQ N—QQHQ GXUFK GHQ (LQVDW] DNWLYHU
.RPSRQHQWHQ XQG GLJLWDOHU (FKW]HLWUHJHOV\VWHPH SDVVLYH 7HLOV\VWHPH PLW EHOLHELJHQ
3DUDPHWHUZHUWHQ HPXOLHUW ZHUGHQ XP 3DUDPHWHUVWXGLHQ GXUFK]XIÚKUHQ XQG VR HLQH
RSWLPDOH $EVWLPPXQJ DP UHDOHQ 6\VWHP ]X ILQGHQ
)ÚU GLH PHFKDWURQLVFKH 8PVHW]XQJ GHU 7LOJHUHPXODWLRQ ZLUG GLH (FKW]HLW6LPXODWLRQ
HLQHV SDVVLYHQ 7LOJHUV PLW HLQHP UHDOHQ 6WHOOJOLHG GHUDUW JHNRSSHOW GDVV GLH HUUHFK
QHWH 5HODWLYEHZHJXQJ ]ZLVFKHQ GHU 7LOJHUPDVVH XQG GHP 5DKPHQ GXUFK GDV LQ
%LOG  GDUJHVWHOOWH ODJHJHUHJHOWH VHUYRK\GUDXOLVFKH 6WHOOJOLHG UHDOLVLHUW ZLUG
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
















































WLJW (LQH GLUHNWH ,QWHJUDWLRQ GHU %HVFKOHXQLJXQJ Z


LVW GD]X QLFKW EUDXFKEDU GD
NOHLQH 2IIVHWV XQG QLHGHUIUHTXHQWH 0HVVIHKOHU ]X HLQHU ’ULIW GHU (UJHEQLVVH IÚKUHQ







HUVHW]W GHVVHQ $XVJDQJ \ LQ $EKQJLJNHLW GHU 9HUVWUNXQJ .
,
HLQHU KRFKSDVVEH
JUHQ]WHQ ,QWHJUDWLRQ GHV (LQJDQJV X HQWVSULFKW %LOG  ]HLJW GHQ 8QWHUVFKLHG ]ZL
VFKHQ HLQHP UHLQHQ ,QWHJUDWRU XQG GHP ,QWHJUDWLRQVILOWHU IÚU.
,

  V ,P %HUHLFK
GHU 7RUVLRQVHLJHQVFKZLQJXQJ YRQ  +] DUEHLWHW GDV )LOWHU ZLH HLQ ,QWHJUDWRU LP QLH
GHUIUHTXHQWHQ %HUHLFK ZHUGHQ (LQJDQJVVLJQDOH ZHVHQWOLFK VFKZFKHU YHUVWUNW DOV
EHL HLQHU ,QWHJUDWLRQ 0LW GHQ VR HUPLWWHOWHQ %HZHJXQJVJU—|HQ GHV 7LOJHUEHIHVWL
JXQJVSXQNWV NDQQ GLH 6LPXODWLRQ GHU 7LOJHUEHZHJXQJ GXUFKJHIÚKUW ZHUGHQ ’LH %H
ZHJXQJ GHV 7LOJHUV HQWVSULFKW GHU HLQHV (LQPDVVHQVFKZLQJHUV XQG JHQÚJW QDFK
GHP 1HZWRQ
VFKHQ *HVHW] GHU ’LIIHUHQWLDOJOHLFKXQJ
PY
 





’DEHL EH]HLFKQHW Y GLH DEVROXWH /DJH GHU 7LOJHUPDVVH P XQG Z

GLH )X|SXQNWDQUH
JXQJ GXUFK GLH 5DKPHQVFKZLQJXQJ 0LW +LOIH GHU QXPHULVFKHQ /—VXQJ GHU ’LIIHUHQ
 +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ





WLDOJOHLFKXQJ NDQQ GLH 5HODWLYEHZHJXQJ’Y
 Y Z

EHUHFKQHW XQG DOV 6ROOEHZH
JXQJ GHP /DJHVWHOOJOLHG HLQJHSUJW ZHUGHQ ’DEHL LVW GDUDXI ]X DFKWHQ GDVV GDV
9HUKDOWHQ GHV JHVFKORVVHQHQ +L/ .UHLVHV QLFKW GXUFK GLH ’\QDPLN GHU YHUZHQGHWHQ
6HQVRUHQ XQG 6WHOOJOLHGHU YHUIOVFKW ZHUGHQ GDUI ’HU HLQJHVHW]WH +\GUDXOLN]\OLQGHU
KDW QDFK 9RUDEVFKW]XQJHQ YRQ =+21* >@ GLH GXUFK 0HVVXQJHQ EHVWWLJW ZHUGHQ
NRQQWHQ HLQH 5HVRQDQ]IUHTXHQ] YRQ  +] XQG EHL  +] HLQHQ 3KDVHQDEIDOO
YRQR VR GDVV GLH ’\QDPLN LP %HUHLFK GHU 7RUVLRQVHLJHQIUHTXHQ] YRQ  +]
QLFKW QHJDWLY EHHLQIOXVVW ZLUG
8P QDFK]XZHLVHQ GDVV GLH (PXODWLRQ GHV SDVVLYHQ 7LOJHUV WDWVFKOLFK GLH (LJHQ
VFKDIWHQ HLQHV LGHDOHQ SDVVLYHQ 7LOJHUV DXIZHLVW ZLUG HLQ ([SHULPHQW GXUFKJHIÚKUW
EHL GHP )X|SXQNWDQUHJXQJ Z

XQG 7LOJHUDXVOHQNXQJ Y JHPHVVHQ ZHUGHQ ’D]X
ZLUG GDV IÚU GLH (PXODWLRQ HLQJHVHW]WH 6WHOOJOLHG DQ HLQHP ]ZHLWHQ =\OLQGHU DQJH
EUDFKW XQG GLH ÛEHUWUDJXQJVIXQNWLRQ ]ZLVFKHQ 7LOJHUDXVOHQNXQJ XQG )X|SXQNWDQUH
JXQJ IÚU YHUVFKLHGHQH 7LOJHUSDUDPHWHU H[SHULPHQWHOO HUPLWWHOW ’LH LQ %LOG  DXIJH
WUDJHQHQ (UJHEQLVVH ]HLJHQ HLQH JXWH ÛEHUHLQVWLPPXQJ PLW GHQ UHFKQHULVFK HUPLWWHO
WHQ LGHDOHQ ÛEHUWUDJXQJVIXQNWLRQHQ 6RPLW LVW JHZKUOHLVWHW GDVV GLH DXI *UXQG GHU
%HZHJXQJ GHU 7LOJHUPDVVH GXUFK GHQ +\GUDXOLN]\OLQGHU HQWVWHKHQGHQ .UIWH GHQHQ
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ














































































HLQHU UHDOHQ )HGHU’PSIHU .RPELQDWLRQ HQWVSUHFKHQ ,P *HJHQVDW] ]XP UHDOHQ
6FKZLQJXQJVWLOJHU N—QQHQ GLH 3DUDPHWHU GHV 6LPXODWLRQVPRGHOOV MHGRFK HLQIDFK JH
 +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
%LOG  9HUJOHLFK GHU hEHUWUDJXQJVIXQNWLRQHQ GHV HPXOLHUWHQ 0DVVHQ














































QGHUW ZHUGHQ XP GHQ (LQIOXVV YRQ 6WHLILJNHLW XQG ’PSIXQJ ]X XQWHUVXFKHQ XQG
GDPLW HLQH +L/ 2SWLPLHUXQJ ]X HUP—JOLFKHQ
%LOG  ]HLJW GDV (UJHEQLV HLQHU 3DUDPHWHUVWXGLH GHU +L/ 6LPXODWLRQ ’D]X ZLUG GHU
5DKPHQ ÚEHU HLQHQ ]ZHLWHQ +\GUDXOLN]\OLQGHU PLW HLQHP EDQGEHJUHQ]WHP 5DXVFKHQ
DQJHUHJW XQG GLH UHVXOWLHUHQGHQ 6FKZLQJXQJHQ GHV 5DKPHQV DXIJH]HLFKQHW
%LOG  (LQH DQVFKOLH|HQGH )RXULHU7UDQVIRUPDWLRQ HUODXEW GLH %HUHFKQXQJ GHU
ÛEHUWUDJXQJVIXQNWLRQ ]ZLVFKHQ 7RUVLRQVVFKZLQJXQJ XQG $QUHJXQJ DXI %DVLV YRQ
*OHLFKXQJ  )ÚU TXDOLWDWLY JXWH (UJHEQLVVH HUIROJW GLH ’DWHQDXI]HLFKQXQJ ÚEHU
HLQH ’DXHU YRQ  V EHL HLQHU $EWDVWIUHTXHQ] YRQ  +] VR GDVV EHL HLQHU )UH
TXHQ]DXIO—VXQJ YRQ ’I
 IV1
  +]   +] HLQH 0LWWHOXQJ YRQ  *Ú
WHIXQNWLRQHQ GXUFKJHIÚKUW ZLUG ,P *HJHQVDW] ]XP UHFKQHULVFK HUPLWWHOWHQ *ÚWHNULWH
ULXP LVW GLH )OFKH WURW] GHU 0LWWHOXQJHQ DXI *UXQG VWRFKDVWLVFKHU 0HVVIHKOHU MHGRFK
QLFKW JODWW VRQGHUQ YHUUDXVFKW ZDV HLQ H[DNWHV $EOHVHQ GHV 0LQLPLHUHUV VFKZLHULJ
PDFKW ’HU SULQ]LSLHOOH 9HUODXI VWLPPW PLW GHU EHUHFKQHWHQ *ÚWHIXQNWLRQ ÚEHUHLQ MH
GRFK LVW GLH LP ([SHULPHQW JHIXQGHQH RSWLPDOH 7LOJHUDXIKQJXQJ VWHLIHU ,Q
7DEHOOH  VLQG GLH (UJHEQLVVH GHU %HUHFKQXQJHQ XQG GHU DXI %DVLV GHU +L/6LPXOD
WLRQ JHIXQGHQHQ RSWLPDOHQ 7LOJHUSDUDPHWHU JHJHQÚEHUJHVWHOOW ’LH LP 9HUJOHLFK ]XU
EHUHFKQHWHQ 7LOJHUDXIKQJXQJ JU—|HUH H[SHULPHQWHOO EHVWLPPWH 6WHLILJNHLW OVVW VLFK
DXV GHP 8QWHUVFKLHG GHU (LJHQIUHTXHQ]HQ YRQ 0RGHOO XQG UHDOHP 5DKPHQ HUNOUHQ
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ








































7DEHOOH  (UJHEQLVVH GHU 2SWLPLHUXQJ GHV SDVVLYHQ 6FKZLQJXQJVWLOJHUV
)(0RGHOO +L/6LPXODWLRQ
)UHTXHQ] GHU 7RUVLRQVVFKZLQJXQJ >+]@  
6WHLILJNHLW GHU 7LOJHUDXIKQJXQJ >1P@  
’PSIXQJ GHU 7LOJHUDXIKQJXQJ >@  
.ULWHULXP >UDGP@  
’LH 8QWHUVXFKXQJHQ ]HLJHQ GDVV GLH (UJHEQLVVH GHU 2SWLPLHUXQJ WURW] HLQHV JXWHQ
6LPXODWLRQVPRGHOOV QLFKW RKQH )HLQDEVWLPPXQJ DXI GHQ UHDOHQ 5DKPHQ ÚEHUWUDJHQ
ZHUGHQ GÚUIHQ VRQGHUQ HLQH H[DNWH $EVWLPPXQJ GHU 7LOJHUDXIKQJXQJ QRWZHQGLJ
LVW 9RU GLHVHP +LQWHUJUXQG HUVFKHLQW HV VLQQYROO HLQH 2SWLPLHUXQJ DXI %DVLV GHU +L/
6LPXODWLRQHQ GXUFK]XIÚKUHQ
’D GDV YRUOLHJHQGH 2SWLPLHUXQJVSUREOHP NHLQH 1HEHQEHGLQJXQJHQ EHLQKDOWHW NDQQ
]XU (UPLWWOXQJ GHU RSWLPDOHQ 3DUDPHWHU GLH 6LPSOH[0HWKRGH HLQJHVHW]W ZHUGHQ =XU
8QWHUGUÚFNXQJ GHU GXUFK 0HVVUDXVFKHQ YHUXUVDFKWHQ 5DXLJNHLWHQ LQ GHU *ÚWHIXQN
WLRQ ZLUG GLH LQ $EVFKQLWW  EHVFKULHEHQH 0RGLILNDWLRQ YHUZHQGHW %LOG  ]HLJW
GHQ 9HUODXI GHU 2SWLPLHUXQJ $XVJHKHQG YRP 6WDUWHQWZXUI S NRQYHUJLHUW GDV 9HU
IDKUHQ LQ  ,WHUDWLRQVVFKULWWHQ ZREHL VLFK DXI *UXQG GHU VFKOHFKWHQ .RQYHUJHQ] GHU
6LPSOH[0HWKRGH DP (QGH GHU ,WHUDWLRQ GLH 3DUDPHWHU QXU QRFK PLQLPDO QGHUQ VR
 +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
%LOG  3DUDPHWHUYHUODXI EHL GHU 2SWLPLHUXQJ GHV SDVVLYHQ 7LOJHUV
J GXUFKJHIKUWH ([SHULPHQWH@ ,WHUDWLRQVVFKULWWH GHV 2SWLPLHUHUV
6WHLILJNHLW F >1P@
’PSIXQJ ’ >@














GDVV GLH ,WHUDWLRQVVFKULWWH LQ GHU 8PJHEXQJ GHV 2SWLPLHUHUV S QLFKW PHKU XQWHU
VFKHLGEDU VLQG 7URW] GLHVHU VFKOHFKWHQ .RQYHUJHQ] VLQG IÚU GLH 2SWLPLHUXQJ QXU 
([SHULPHQWH GXUFK]XIÚKUHQ GD PLW GHP YHUZHQGHWHQ $SSUR[LPDWLRQVYHUIDKUHQ QHXH
0HVVXQJHQ QXU GDQQ HUIRUGHUOLFK VLQG ZHQQ QLFKW DXVUHLFKHQG 0HVVHUJHEQLVVH LQ
QHUKDOE HLQHV 6XFKEHUHLFKV XP GHQ PRPHQWDQHQ (QWZXUI YRUKDQGHQ VLQG ’LH JH
ULQJH $Q]DKO QRWZHQGLJHU 0HVVXQJHQ LVW DXFK DXI GLH 4XDOLWW GHU 0HVVXQJHQ EHL
GLHVHU $QZHQGXQJ ]XUÚFN]XIÚKUHQ =ZDU LVW GLH JHPHVVHQH *ÚWHIXQNWLRQ QLFKW VR
JODWW ZLH HLQH EHUHFKQHWH MHGRFK LVW GHU 5DXVFKDQWHLO LP 9HUKOWQLV ]XP *UDGLHQWHQ
NOHLQ VR GDVV HLQH $EVWLHJVULFKWXQJ NODU HUNHQQEDU LVW
 $NWLYHU 6FKZLQJXQJVWLOJHU
’LH $XVOHJXQJ GHV SDVVLYHQ 7LOJHUV KDW JH]HLJW GDVV GLH 7LOJHUSDUDPHWHU IÚU HLQH
RSWLPDOH 5HGXNWLRQ GHU 6FKZLQJXQJHQ H[DNW DXI GDV 5HVRQDQ]SUREOHP DEJHVWLPPW
ZHUGHQ PÚVVHQ GD GHU ’PSIXQJVHIIHNW QXU LQ HLQHP EHJUHQ]WHQ )UHTXHQ]EDQG
DXIWULWW ’LHVHQ 1DFKWHLO N—QQHQ DNWLYH 6\VWHPH NRPSHQVLHUHQ LQGHP DXIWUHWHQGH
6FKZLQJXQJHQ PLW +LOIH YRQ 6HQVRUHQ HUIDVVW XQG GXUFK 6WHOOJOLHGHU JHGPSIW ZHU
GHQ VLHKH X D .(83(5 (7 $/ >@ XQG >@
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
)ÚU GLH DNWLYH ’PSIXQJ GHU 7RUVLRQVVFKZLQJXQJHQ GHV 5DKPHQV ZLUG GDV EHUHLWV
IÚU GLH +L/ 6LPXODWLRQ GHV SDVVLYHQ 7LOJHUV HLQJHVHW]WH /DJHVWHOOJOLHG YHUZHQGHW =X
HQWZHUIHQ LVW QRFK HLQ 5HJHODOJRULWKPXV ZHOFKHU GXUFK JHHLJQHWH 5ÚFNIÚKUXQJ GHU
6FKZLQJXQJVLQIRUPDWLRQ 6ROOZHUWYRUJDEHQ IÚU GDV 6WHOOJOLHG HUPLWWHOW $XI *UXQG GHU
/LQHDULWW GHU V\VWHPEHVFKUHLEHQGHQ ’LIIHUHQWLDOJOHLFKXQJHQ NDQQ GHU 5HJOHU DOV =X
VWDQGVUÚFNIÚKUXQJ PLW +LOIH UHJHOXQJVWHFKQLVFKHU 6WDQGDUGYHUIDKUHQ GXUFK /—VXQJ
GHU 5LFFDWL*OHLFKXQJ RGHU PLW +LOIH GHU 3ROYRUJDEH DXVJHOHJW ZHUGHQ VLHKH
.,56&+ >@ $OV 5ÚFNIÚKUJU—|HQ ZHUGHQ GHU QDFK *OHLFKXQJ  GHILQLHUWH 7RU
VLRQVZLQNHO XQG GLH 7LOJHUDXVOHQNXQJ VRZLH GLH ]XJHK—ULJHQ *HVFKZLQGLJNHLWHQ IHVW
JHOHJW ’DV 5LFFDWL9HUIDKUHQ OVVW ]ZDU HLQH %HZHUWXQJ YRQ 6FKZLQJXQJVYHUKDOWHQ
XQG 6WHOONUIWHQ ]X MHGRFK LVW GLH ’HILQLWLRQ TXDGUDWLVFKHU .ULWHULHQ LP =HLWEHUHLFK IÚU
GLH DQJHVWUHEWH 0LQLPLHUXQJ GHV 6W—UYHUKDOWHQV XPVWQGOLFK XQG LQGLUHNW ’LH 0H
WKRGH GHU 3ROYRUJDEH KDW GHQ 1DFKWHLO GDVV HLQH %HVFKUQNXQJ GHU 6WHOOHQHUJLH EHL
GHU %HUHFKQXQJ GHU 5ÚFNIÚKUPDWUL[ QLFKW YRUJHVHKHQ LVW =XGHP LVW IÚU GLH $QZHQ
GXQJ HLQH JHQDXH .HQQWQLV GHV =XVDPPHQKDQJV ]ZLVFKHQ GHU /DJH GHU 3ROH XQG
LKUHU $XVZLUNXQJ DXI GDV 6\VWHPYHUKDOWHQ QRWZHQGLJ ’DKHU ZLUG GLH 5HJOHUDXVOH
JXQJ DXI %DVLV DOOJHPHLQHU QLFKWOLQHDUHU 2SWLPLHUXQJVYHUIDKUHQ GXUFKJHIÚKUW GLH
QLFKW DXI HLQHU VSH]LHOOHQ )RUPXOLHUXQJ GHU *ÚWHNULWHULHQ DXIEDXHQ VRQGHUQ IUHL GHIL
QLHUEDUH .ULWHULHQIRUPXOLHUXQJHQ ]XODVVHQ
%LOG  ]HLJW GLH 6WUXNWXU GHV 5HJHONUHLVHV ’LH DXV GHU $QUHJXQJX UHVXOWLHUHQGHQ
5DKPHQVFKZLQJXQJHQ ZHUGHQ GXUFK %HVFKOHXQLJXQJVVHQVRUHQ DQ GHQ 5DKPHQ
HFNHQ JHPHVVHQ XQG ÚEHU HLQ DQDORJHV )LOWHU DQ GHQ 5HJOHU ÚEHUWUDJHQ ’HU 5HJHODO
JRULWKPXV HUPLWWHOW DXV GHU DQDORJ ]X *OHLFKXQJ  EHUHFKQHWHQ 7RUVLRQVEHVFKOHX
QLJXQJ DXI %DVLV GHV ,QWHJUDWLRQVILOWHUV  7RUVLRQVZLQNHOB XQG JHVFKZLQGLJNHLW
B

 ’LHVH ZHUGHQ GXUFK .RHIIL]LHQWHQ. 
 À.B .B ˆ YHUVWUNW XQG DOV 6ROOSRVLWLRQ YVROO
DQ GDV /DJHVWHOOJOLHG JHJHEHQ $XV GHU VLFK HLQVWHOOHQGHQ %HZHJXQJ GHU 7LOJHU
PDVVH UHVXOWLHUHQ .UIWH ZHOFKH GLH DXIWUHWHQGHQ 6FKZLQJXQJHQ GPSIHQ 0LW GHP





























































JHIXQGHQ ZHUGHQ ’DEHL PXVV HLQ .RPSURPLVV ]ZLVFKHQ GHU HU]LHOEDUHQ .RPIRUWYHU
EHVVHUXQJ XQG GHP GDPLW YHUEXQGHQHQ (QHUJLHDXIZDQG JHIXQGHQ ZHUGHQ
,P *HJHQVDW] ]XU (PXODWLRQ GHV SDVVLYHQ 7LOJHUV VWHOOW GLH 5HJHOXQJ GHV DNWLYHQ 7LO
JHUV NHLQH VR KRKHQ $QVSUÚFKH DQ GLH ’\QDPLN GHU 6HQVRUHQ XQG 6WHOOJOLHGHU GD
HYHQWXHOO YRUKDQGHQH 3KDVHQYHUVFKLHEXQJHQ GXUFK HQWVSUHFKHQGH :DKO GHU 5ÚFN
IÚKUXQJ WHLOZHLVH NRPSHQVLHUW ZHUGHQ N—QQHQ ’HU JU—|WH 3KDVHQDEIDOO ZLUG LP EH
VFKULHEHQHQ $QZHQGXQJVIDOO GXUFK HLQ ]XU 6LJQDONRQGLWLRQLHUXQJ HLQJHVHW]WHV )LOWHU
YHUXUVDFKW ’DV ]XU 8QWHUGUÚFNXQJ KRFKIUHTXHQWHU 0HVVVLJQDOH YHUZHQGHWH %HVVHO
ILOWHU  2UGQXQJ PLW HLQHU *UHQ]IUHTXHQ] YRQ +] IÚKUW EHL GHU 7RUVLRQVHLJHQIUH
TXHQ] ]X HLQHP 3KDVHQDEIDOO YRQR EHL HLQHU $PSOLWXGHQDEVFKZFKXQJ YRQ ZH
QLJHU DOV G% =XVW]OLFK ]XU %HUÚFNVLFKWLJXQJ GHV )LOWHUV ZLUG DXFK GLH ’\QD
PLN GHV 6WHOOJOLHGV
Y








PLW GHU ’PSIXQJ E
  V XQG GHU (LJHQIUHTXHQ] W


  UDGV LQ GLH 0R
GHOOELOGXQJ HLQEH]RJHQ
%LOG  ]HLJW GLH (UJHEQLVVH HLQHU 3DUDPHWHUVWXGLH DP )LQLWH (OHPHQWH 0RGHOO ’LH
LP (QWZXUIVUDXP HLQJHWUDJHQHQ +—KHQOLQLHQ PDFKHQ GHQ :LGHUVSUXFK ]ZLVFKHQ GHQ
JHZKOWHQ .ULWHULHQ GHXWOLFK (LQH 5HGXNWLRQ GHU 6FKZLQJXQJHQ NDQQ QXU GXUFK K—
KHUH 6WHOOHQHUJLHQ HUUHLFKW ZHUGHQ XQG XPJHNHKUW ’HVKDOE LVW HV QLFKW P—JOLFK
EHLGH .ULWHULHQ JOHLFK]HLWLJ ]X PLQLPLHUHQ MHGRFK N—QQHQ QLFKW RSWLPDOH 3DUDPHWHU
GXUFK GLH (UPLWWOXQJ 3DUHWRRSWLPDOHU (QWZÚUIH DXVJHVFKORVVHQ ZHUGHQ %HL HLQHP
0HKUNULWHULHQRSWLPLHUXQJVSUREOHP PLW  *ÚWHNULWHULHQ RKQH 1HEHQEHGLQJXQJHQ VLQG
GLH *UDGLHQWHQ GHU EHLGHQ .ULWHULHQ LQ GHQ 3DUHWRRSWLPDOHQ (QWZÚUIHQ HQWJHJHQJH
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ
%LOG  .RQIOLNWGLDJUDPP GHV DNWLYHQ 6FKZLQJXQJVWLOJHUV

































































ULFKWHW 0LW +LOIH GLHVHU ’HILQLWLRQ N—QQHQ 3DUHWRRSWLPDOH 3DUDPHWHU JUDSKLVFK JHIXQ
GHQ XQG LQ GHQ .ULWHULHQUDXP ÚEHUWUDJHQ ZHUGHQ $XV GLHVHU $EELOGXQJ ZLUG GHXWOLFK
GDVV LP %HUHLFK GHU (QWZÚUIH  ELV  HLQ QKHUXQJVZHLVH DIILQHU =XVDPPHQKDQJ
]ZLVFKHQ GHQ 3DUHWRRSWLPDOHQ .ULWHULHQZHUWHQ EHVWHKW 6ROO GHU .RPIRUW QRFK ZHLWHU
YHUEHVVHUW ZHUGHQ LVW ÚEHUSURSRUWLRQDO YLHO (QHUJLH DXI]XZHQGHQ
)ÚU GLH UHFKQHUJHVWÚW]WH (UPLWWOXQJ 3DUHWRRSWLPDOHU 3XQNWH DOV /—VXQJ GHU 0HKUNUL
WHULHQRSWLPLHUXQJVDXIJDEH  PXVV GDV 9HNWRUSUREOHP DXI HLQ VNDODUHV 2SWLPLH
UXQJVSUREOHP UHGX]LHUW ZHUGHQ $XI *UXQG GHU IHKOHQGHQ NRQYH[HQ .UÚPPXQJ GHU
%HUDQGXQJ GHV ]XOVVLJHQ .ULWHULHQUDXPV? LP %HUHLFK GHU (QWZXUIVSDUDPHWHU  ELV
 N—QQHQ GXUFK HLQH 2SWLPLHUXQJ PLW JHZLFKWHWHQ .ULWHULHQ QLFKW DOOH 3DUHWR2SWLPD
JHIXQGHQ ZHUGHQ (LQH JHHLJQHWHUH 5HGXNWLRQ HUJLEW VLFK PLW GHU .RPSURPLVV
0HWKRGH EHL YRUJHJHEHQHU 6WHOOHQHUJLH (QWVSUHFKHQG ZLUG GLH ]XOVVLJH %HZHJXQJ
GHV 7LOJHUV DOV REHUH 6FKUDQNH IÚU GDV DOV 8QJOHLFKXQJVQHEHQEHGLQJXQJ EHKDQGHOWH
.ULWHULXP Y

HLQJHIÚKUW XQG GDV .RPIRUWNULWHULXP Y PLQLPLHUW
0LW GLHVHP 5HGXNWLRQVDQVDW] ZLUG HLQH 2SWLPLHUXQJ GHU 5HJOHUSDUDPHWHU DP UHDOHQ
6\VWHP GXUFKJHIÚKUW *HVXFKW VLQG GLH (QWZÚUIH ZHOFKH EHL HLQHP PD[LPDOHQ $XI
ZDQG YRQ Y $  E]Z Y $  JU—|WP—JOLFKHQ .RPIRUW LQ )RUP GHU 0LQLPLHUXQJ
GHV .ULWHULXPV Y HU]LHOHQ $OV SUREOHPDWLVFK VWHOOW VLFK GDEHL XQDEKQJLJ YRP JH
ZKOWHQ VNDODUHQ 2SWLPLHUXQJVYHUIDKUHQ GHU IODFKH 9HUODXI GHU *ÚWHIXQNWLRQHQ LP %H
UHLFK GHU 3DUHWRRSWLPDOHQ /—VXQJHQ KHUDXV GHU LQ %LOG  DQ GHQ ZHLW DXVHLQDQ
GHU OLHJHQGHQ +—KHQOLQLHQ HUNHQQEDU LVW $QGHUHUVHLWV EHGHXWHQ NOHLQH *UDGLHQWHQ
HLQH JHZLVVH 8QHPSILQGOLFKNHLW GHU .ULWHULHQ JHJHQÚEHU 3DUDPHWHUQGHUXQJHQ VR
GDVV NHLQH DOO]X KRKH *HQDXLJNHLW EHL GHU )HVWOHJXQJ GHU RSWLPDOHQ 3DUDPHWHU JHIRU
GHUW ZHUGHQ PXVV ’LH (QWZLFNOXQJ GHU 3DUDPHWHU EHL HLQHU 2SWLPLHUXQJ PLW GHP
00$ 9HUIDKUHQ LVW LQ %LOG  GDUJHVWHOOW %HL GHU 6XFKH QDFK GHP HUVWHQ 3DUHWRRS
WLPDOHQ (QWZXUI S3 PLW Y $  NRQYHUJLHUW GHU $OJRULWKPXV EHUHLWV QDFK  6FKULWWHQ
XQG UHGX]LHUW GDV .RPIRUWNULWHULXP YRQ Y˘SÉ 
  UDGP DXI
Y˘S3É 
  UDGP ,Q GLHVHP %HUHLFK VLQG GLH *ÚWHIXQNWLRQHQ VWHLO XQG VRPLW GHU
(LQIOXVV GHV 0HVVUDXVFKHQV DXI GLH DSSUR[LPLHUWHQ *UDGLHQWHQ JHULQJ 7URW]GHP
VLQG EHLP ]ZHLWHQ XQG GULWWHQ ,WHUDWLRQVVFKULWW OHLFKWH 6FKZLHULJNHLWHQ ]X HUNHQQHQ
GLH YHUPXWOLFK DXI IHKOHUKDIWH *UDGLHQWHQLQIRUPDWLRQHQ ]XUÚFN]XIÚKUHQ VLQG )ÚU GLH
(UPLWWOXQJ HLQHV ZHLWHUHQ 3DUHWRRSWLPDOHQ (QWZXUIV PLW DEJHVFKZFKWHP ]ZHLWHQ
.ULWHULXP Y $  ZLUG GHU $OJRULWKPXV DXVJHKHQG YRP JHIXQGHQHQ 2SWLPLHUHUS
3

QHX JHVWDUWHW ’LHVH ,WHUDWLRQ IÚKUW QDFK ZHLWHUHQ  6FKULWWHQ ]XP (QWZXUIS3  GHU
GLH *ÚWHIXQNWLRQ DXI Y˘S3É 
  UDGP YHUULQJHUW ’HU (LQIOXVV GHU IODFKHQ *ÚWH
IXQNWLRQHQ DXI GHQ )HKOHU EHL GHU *UDGLHQWHQDEVFKW]XQJ ZLUG GDEHL GXUFK VWDUNHV
+LQ XQG +HUVSULQJHQ LP 3DUDPHWHUYHUODXI GHXWOLFK
  +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ


















’LH (UJHEQLVVH GLHVHU ([SHULPHQWEDVLHUHQGHQ 2SWLPLHUXQJ ]HLJHQ GDVV VLFK 0HVV
XQJHQDXLJNHLWHQ XPVR GUDVWLVFKHU DXI GLH .RQYHUJHQ] GHV 2SWLPLHUXQJVYHUIDKUHQV
DXVZLUNHQ MH NOHLQHU GHU %HWUDJ GHV *UDGLHQWHQ GHU *ÚWHIXQNWLRQ LVW ’HU (LQIOXVV
IHKOHUEHKDIWHWHU 0HVVZHUWH NDQQ GXUFK 0LWWHOXQJ PHKUHUHU 0HVVXQJHQ YHUULQJHUW
ZHUGHQ DOOHUGLQJV VWHLJW GDPLW DXFK GLH $Q]DKO GHU GXUFK]XIÚKUHQGHQ ([SHULPHQWH
DQ (LQH ZHLWHUH 0—JOLFKNHLW ]XU 9HUEHVVHUXQJ GHU *UDGLHQWHQDSSUR[LPDWLRQ LVW GLH
9HUJU—|HUXQJ GHV $SSUR[LPDWLRQV6XFKEHUHLFKV ZHQQ GLH .UÚPPXQJ GHU .ULWHULHQ
YHUQDFKOVVLJEDU LVW )ÚU GLH EHVFKULHEHQH 2SWLPLHUXQJ ZXUGHQ GLH PLQLPDOH *U—|H
GHV 6XFKEHUHLFKV DXI  GHV ]XOVVLJHQ 3DUDPHWHUEHUHLFKV EHVFKUQNW XQG LQVJH
VDPW PHKU DOV  0HVVXQJHQ GXUFKJHIÚKUW
 =XVDPPHQIDVVXQJ
’LH 2SWLPLHUXQJ PHFKDQLVFKHU 6\VWHPH HUIROJWH ELVKHU IDVW DXVVFKOLH|OLFK DXI GHU
%DVLV YRQ 6LPXODWLRQVPRGHOOHQ ’D 0RGHOO XQG 5HDOLWW VHOWHQ H[DNW ÚEHUHLQVWLPPHQ
LVW EHLP ÛEHUJDQJ YRQ GHU 6LPXODWLRQ ]XP UHDOHQ 6\VWHP PHLVW HLQH DEVFKOLH|HQGH
)HLQDEVWLPPXQJ QRWZHQGLJ EHL GHU 3DUDPHWHU GXUFK +HUXPVSLHOHQ JHQGHUW ZHU
GHQ XP HLQ RSWLPDOHV 6\VWHPYHUKDOWHQ ]X HUUHLFKHQ ’LH LP 5DKPHQ GLHVHU $UEHLW
HQWZLFNHOWH (UZHLWHUXQJ YRQ 2SWLPLHUXQJVYHUIDKUHQ DXI 0HVVXQJHQ PDFKW 6LPXODWLR
QHQ QLFKW ÚEHUIOÚVVLJ GD YLUWXHOOH 3URWRW\SHQ PHLVW HLQIDFKHUH 9DULDQWHQVWXGLHQ XQG
6\VWHPDQDO\VHQ ]XODVVHQ DOV UHDOH 3URWRW\SHQ ’LH ([SHULPHQWJHNRSSHOWH 2SWLPLH
UXQJ PHWKRGLVLHUW MHGRFK DXFK GHQ OHW]WHQ 6FKULWW GHU )HLQDEVWLPPXQJ LQ HLQHP V\V
WHPDWLVFKHQ (QWZXUIVNRQ]HSW
$P $QIDQJ GLHVHV (QWZXUIVNRQ]HSWV VWHKW GLH %HVFKUHLEXQJ GHV PHFKDQLVFKHQ 6\V
WHPV GXUFK %HZHJXQJVJOHLFKXQJHQ ,Q $EKQJLJNHLW GHU 3UREOHPVWHOOXQJ XQG 6\V
WHPVWUXNWXU HLJQHW VLFK GDIÚU GLH 0HWKRGH GHU 0HKUN—USHUV\VWHPH RGHU GLH )LQLWH
(OHPHQW 0HWKRGH ’LH $QDO\VH OLQHDUHU %HZHJXQJVJOHLFKXQJHQ HUIROJW KXILJ DXI %D
VLV YRQ (LJHQZHUWSUREOHPHQ XQG ÛEHUWUDJXQJVIXQNWLRQHQ LP )UHTXHQ]EHUHLFK )ÚU
GLH 8QWHUVXFKXQJ DOOJHPHLQ QLFKWOLQHDUHU %HZHJXQJVJOHLFKXQJHQ HLJQHW VLFK GLH QX
PHULVFKH ,QWHJUDWLRQ LP =HLWEHUHLFK 0LW GHU 9HUIÚJEDUNHLW YRQ (FKW]HLWVLPXODWLRQV
XPJHEXQJHQ LVW VHLW HLQLJHQ -DKUHQ DXFK HLQH .RSSOXQJ UHDOHU PHFKDQLVFKHU 6\V
WHPH PLW 6LPXODWLRQVPRGHOOHQ P—JOLFK ’HUDUWLJH +L/ 6LPXODWLRQHQ VLQG X D GDQQ
YRUWHLOKDIW ZHQQ +DUGZDUH PLW QLFKW LGHQWLIL]LHUWHP G\QDPLVFKHQ 9HUKDOWHQ LP =XVDP
PHQVSLHO PLW HLQHP 6LPXODWLRQVPRGHOO XQWHUVXFKW ZHUGHQ VROO $XFK GHU 7HVW EHUHLWV
H[LVWLHUHQGHU 7HLOV\VWHPH LQ 9HUELQGXQJ PLW HLQHP 6LPXODWLRQVPRGHOO GHV YHUEOHLEHQ
GHQ 6\VWHPV LVW HLQ ZLFKWLJHV (LQVDW]IHOG (LQ QHXHU $VSHNW LVW GLH 1DFKELOGXQJ SDVVL
YHU .RPSRQHQWHQ GXUFK DNWLYH 6WHOOJOLHGHU ZHOFKH GLH (LJHQVFKDIWHQ GHV SDVVLYHQ
6\VWHPV HPXOLHUHQ XQG GXUFK $QSDVVHQ GHU 3DUDPHWHU GHV 6LPXODWLRQVPRGHOOV HLQ
IDFKH 9DULDQWHQXQWHUVXFKXQJHQ P—JOLFK PDFKHQ
0LW GHU $QDO\VH YRQ +L/ 6LPXODWLRQ XQG 6LPXODWLRQVPRGHOOHQ LVW GLH *UXQGODJH IÚU
HLQH UHFKQHUJHVWÚW]WH 2SWLPLHUXQJ JHVFKDIIHQ $XIEDXHQG DXI GLHVHQ (UJHEQLVVHQ
VLQG *ÚWHIXQNWLRQHQ ]X GHILQLHUHQ GLH HLQH TXDQWLIL]LHUHQGH 9HUJOHLFKEDUNHLW YHU
VFKLHGHQHU (QWZÚUIH JHZKUOHLVWHQ %HL GLHVHU )HVWOHJXQJ VROOWHQ GLH *ÚWHIXQNWLRQHQ
P—JOLFKVW NHLQH ORNDOHQ 0LQLPD DXIZHLVHQ GLH ]X 6FKZLHULJNHLWHQ EHL GHU .RQYHU
  =XVDPPHQIDVVXQJ
JHQ] YRQ 2SWLPLHUXQJVDOJRULWKPHQ IÚKUHQ ,Q GHU 5HJHO VLQG GLH $QIRUGHUXQJHQ DQ
HLQ 6\VWHP VR YLHOIOWLJ GDVV VLH GXUFK HLQ HLQ]HOQHV .ULWHULXP QLFKW EHVFKULHEHQ ZHU
GHQ N—QQHQ ’LH JOHLFK]HLWLJH 0LQLPLHUXQJ PHKUHUHU .ULWHULHQ IÚKUW DXI HLQ 9HNWRU
RGHU 0HKUNULWHULHQRSWLPLHUXQJVSUREOHP ZHOFKHV DXI *UXQG ZLGHUVSUÚFKOLFKHU 6\V
WHPDQIRUGHUXQJHQ LP $OOJHPHLQHQ NHLQH HLQGHXWLJH /—VXQJ KDW $OOH (QWZÚUIH GLH
GXUFK $XVVFKOXVV QLFKW RSWLPDOHU (QWZXUIVYDULDEOHQ DXV GHP ]XOVVLJHQ 3DUDPHWHU
UDXP GHILQLHUW VLQG EH]HLFKQHW PDQ DOV 3DUHWRRSWLPDO )ÚU GLH QXPHULVFKH (UPLWW
OXQJ 3DUHWRRSWLPDOHU (QWZÚUIH LVW GDV 0HKUNULWHULHQRSWLPLHUXQJVSUREOHP DXI HLQ
VNDODUHV (UVDW]NULWHULXP ]X UHGX]LHUHQ GDV PLW 6WDQGDUGRSWLPLHUXQJVYHUIDKUHQ JH
O—VW ZHUGHQ NDQQ $XV GHU 9LHO]DKO YHUIÚJEDUHU 2SWLPLHUXQJVYHUIDKUHQ ZLUG GLH DXI
*UXQG VHLQHU HLQIDFKHQ $QZHQGEDUNHLW ZHLW YHUEUHLWHWH 6LPSOH[0HWKRGH YRQ 1HOGHU
XQG 0HDG VRZLH GLH VHKU HUIROJUHLFKHQ 9HUIDKUHQ GHU VHTXHQWLHOOHQ TXDGUDWLVFKHQ
3URJUDPPLHUXQJ XQG GLH 0HWKRGH GHU PRGLIL]LHUWHQ $V\PSWRWHQ EHVFKULHEHQ
’LH (UZHLWHUXQJ YRQ 2SWLPLHUXQJVYHUIDKUHQ DXI ([SHULPHQWH IÚKUW ]X VSH]LHOOHQ $Q
IRUGHUXQJHQ LP 9HUJOHLFK ]XU VLPXODWLRQVEDVLHUHQGHQ 2SWLPLHUXQJ ,QVEHVRQGHUH
PÚVVHQ NULWLVFKH =XVWQGH ZLH ] % LQVWDELOH 6\VWHPSDUDPHWHU YHUPLHGHQ ZHUGHQ
’LHV NDQQ GXUFK ’HILQLWLRQ JHHLJQHWHU 1HEHQEHGLQJXQJHQ HUUHLFKW ZHUGHQ QRWIDOOV
PXVV GDV ([SHULPHQW GXUFK GHQ $QZHQGHU UHFKW]HLWLJ DEJHEURFKHQ ZHUGHQ =XVW]
OLFKH 3UREOHPH HUJHEHQ VLFK GXUFK GDV XQYHUPHLGEDUH 0HVVUDXVFKHQ EHL ([SHUL
PHQWHQ ZDV NRQYHQWLRQHOOH 9HUIDKUHQ GHU (PSILQGOLFKNHLWVDQDO\VH XQEUDXFKEDU
PDFKW 1HEHQ VSH]LHOOHQ 9HUIDKUHQ GHU (PSILQGOLFKNHLWVDQDO\VH GHUHQ $QZHQGEDU
NHLW DXI EHVRQGHUH .ULWHULHQ EHVFKUQNW LVW ZHUGHQ $OJRULWKPHQ IÚU QXPHULVFK YHU
UDXVFKWH %HUHFKQXQJHQ EHVFKULHEHQ XQG HLQ $SSUR[LPDWLRQVYHUIDKUHQ IÚU GHQ (LQ
VDW] EHL JHPHVVHQHQ .ULWHULHQZHUWHQ HUZHLWHUW
’LH $QZHQGXQJ GHU EHVFKULHEHQHQ 9HUIDKUHQ DXI HLQIDFKH 7HVWIOOH GHV YLUWXHOOHQ 3UR
WRW\SLQJ EHVWWLJW GDVV *UDGLHQWHQYHUIDKUHQ VFKQHOOHU NRQYHUJLHUHQ GLH HLQIDFKH
6LPSOH[0HWKRGH DEHU HLQH VLJQLILNDQWH 5HGXNWLRQ GHV .ULWHULHQZHUWV LQ GHQ HUVWHQ
2SWLPLHUXQJVVFKULWWHQ DXIZHLVW (LQ ZHLWHUHV 0HKUNULWHULHQRSWLPLHUXQJVSUREOHP
PDFKW GHXWOLFK GDVV GDV 5HGXNWLRQVYHUIDKUHQ GHU JHZLFKWHWHQ .ULWHULHQ EHL NRQNDY
EHUDQGHWHQ .ULWHULHQUXPHQ YHUVDJW
2SWLPLHUXQJVYHUIDKUHQ N—QQHQ DXFK ]XU ,GHQWLILNDWLRQ XQEHNDQQWHU 6\VWHPSDUDPHWHU
DXV 9HUJOHLFKHQ ]ZLVFKHQ 0HVVXQJ XQG 6LPXODWLRQ HUPLWWHOW ZHUGHQ ’LH GDEHL ÚEOL
FKHUZHLVH YHUZHQGHWHQ .ULWHULHQ DXI %DVLV GHU ,QWHJUDWLRQ HLQHU )HKOHUGLIIHUHQ] ]ZL
VFKHQ 0HVVXQJ XQG 6LPXODWLRQ ZHLVHQ RIW YLHOH ORNDOH 0LQLPD DXI $OV JHHLJQHWHU KDW
VLFK HLQ 0HKUNULWHULHQDQVDW] EHZKUW GHU GHP KHUN—PPOLFKHQ PDQXHOOHQ (UPLWWHOQ
YRQ 6\VWHPSDUDPHWHUQ QDKH NRPPW ’XUFK ’HILQLWLRQ JHHLJQHWHU 9HUVXFKH XQG HQW
VSUHFKHQGHU .ULWHULHQ N—QQHQ XQEHNDQQWH 3DUDPHWHU 6FKULWW IÚU 6FKULWW HUPLWWHOW ZHU
 =XVDPPHQIDVVXQJ
GHQ $OV JHHLJQHWH .ULWHULHQ ]HLJHQ VLFK IHQVWHUEHZHUWHWH )HKOHUIXQNWLRQHQ LP =HLWEH
UHLFK VRZLH 8QWHUVFKLHGH LP )UHTXHQ]EHUHLFK E]Z 3KDVHQGLDJUDPP
’LH LP 5DKPHQ GLHVHU $UEHLW HQWZLFNHOWH 0HKUNULWHULHQRSWLPLHUXQJVVRIWZDUH LVW IÚU
*ÚWHNULWHULHQ NRQ]LSLHUW GLH DXV 0HVVXQJHQ DQ ([SHULPHQWHQ HUPLWWHOW ZHUGHQ ’D]X
PÚVVHQ GLH JHZKOWHQ (QWZXUIVSDUDPHWHU GHV 9HUVXFKV NRQWLQXLHUOLFK YHUQGHUEDU
VHLQ ’LHVH (LQVFKUQNXQJ EHWULIIW LQ HUVWHU /LQLH SDVVLYH PHFKDQLVFKH 6\VWHPH EHL
GHQHQ HLQH QGHUXQJ YRQ 3DUDPHWHUQ PLW HLQHP DXIZHQGLJHQ 9HUVXFKVXPEDX YHU
EXQGHQ LVW ’DJHJHQ ODVVHQ VLFK EHL PHFKDWURQLVFKHQ 6\VWHPHQ GLH 5HJOHUSDUDPH
WHU UHODWLY HLQIDFK HQWZHGHU PDQXHOO RGHU ÚEHU HLQH JHHLJQHWH 6FKQLWWVWHOOH DXWRPDWL
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WHQ +DUGZDUHLQWKH/RRS 2SWLPLHUXQJ YHUXUVDFKW GLH 6WUHXXQJ GHU 0HVVHUJHEQLVVH
DXI *UXQG GHV QLFKW YHUPHLGEDUHQ 0HVVUDXVFKHQV 3UREOHPH EHL GHU .RQYHUJHQ] GHU
2SWLPLHUXQJVYHUIDKUHQ $EKLOIH VFKDIIW KLHU HLQH DQJHSDVVWH )XQNWLRQVZHUW XQG *UD
GLHQWHQEHUHFKQXQJ DXI %DVLV HLQHV $SSUR[LPDWLRQVYHUIDKUHQV ’LH 9RUWHLOH GLHVHV
QHX HQWZLFNHOWHQ 9HUIDKUHQV VLQG GLH 9HUZHQGXQJ HLQHU $QVDW]IXQNWLRQ ]XU (OLPLQD
WLRQ YRQ 0HVVIHKOHUQ GLH 6SHLFKHUXQJ DOOHU 0HVVZHUWH IÚU HLQH HYHQWXHOOH :HLWHUYHU
DUEHLWXQJ XQG GLH GDPLW YHUEXQGHQH 0LQLPLHUXQJ GHU $Q]DKO QRWZHQGLJHU 9HUVXFKH
VRZLH GDV 6LFKHUKHLWVNRQ]HSW ]XU 9HUPHLGXQJ NULWLVFKHU 9HUVXFKV]XVWQGH GXUFK
HLQH LPSOHPHQWLHUWH 6FKULWWZHLWHQEHJUHQ]XQJ
$EVWUDFW
)LUVW RI DOO WKH DLP RI PXOWL FULWHULRQ RSWLPL]DWLRQ LV GHPRQVWUDWHG E\ H[DPSOHV RI YLU
WXDO SURWRW\SLQJ $SSOLFDWLRQ WR SDUDPHWHU LGHQWLILFDWLRQ SUREOHPV OHDGV WR D PXOWLFUL
WHULRQ PXOWLPRGHO RSWLPL]DWLRQ VWUDWHJ\ ZKHUH XQNQRZQ SDUDPHWHUV RI D V\VWHP FDQ
EH HVWLPDWHG E\ D VWHSE\VWHS DSSURDFK EDVHG RQ DSSURSULDWH H[SHULPHQWV VXE
PRGHOV DQG FULWHULD ([SHULPHQW EDVHG +DUGZDUHLQWKHORRS RSWLPL]DWLRQV VKRZ
DGGLWLRQDO SUREOHPV FRQFHUQLQJ WKH FRQYHUJHQFH RI RSWLPL]DWLRQ URXWLQHV GXH WR
QRLVH LQ WKH PHDVXUHPHQW $SSURSULDWH FULWHULD DQG JUDGLHQW HYDOXDWLRQ EDVHG RQ DQ
DSSUR[LPDWLRQ DSSURDFK FDQ VROYH WKLV SUREOHP 7KH QHZ DSSURDFK KDV WKH IROORZLQJ
DGYDQWDJHV 0HDVXUHPHQW QRLVH LV PLQLPL]HG E\ XVLQJ DSSUR[LPDWLRQV RI WKH FULWHULD
WKH DPRXQW RI QHFHVVDU\ IXQFWLRQ HYDOXDWLRQV LV PLQLPL]HG E\ VWRULQJ DOO UHVXOWV IRU
IXUWKHU DSSUR[LPDWLRQV DQG D VDIHW\ FRQFHSW DYRLGLQJ FULWLFDO VWDWHV RI WKH H[SHULPHQW
LV LQFOXGHG
/HEHQVODXI
 *HERUHQ LQ 1ÚUQEHUJ
 %HVXFK GHU *UXQGVFKXOH LQ (FNHUVPÚKOHQ
 %HVXFK GHV *\PQDVLXPV 5RWK QDWXUZLVVHQVFKDIWOLFKHU =ZHLJ
$OOJHPHLQH +RFKVFKXOUHLIH LP -XQL 
 PRQDWLJHU *UXQGZHKUGLHQVW LQ %UXFKVDO XQG 5RWK
 6WXGLXP GHV 0DVFKLQHQZHVHQV DQ GHU 8QLYHUVLWW 6WXWWJDUW
PLW GHQ +DXSWIFKHUQ 7HFKQLVFKH ’\QDPLN XQG
$QJHZDQGWH 7KHUPRG\QDPLN
 $EVFKOXVV GHU ’LSORPSUÚIXQJ
6HLW  0LWDUEHLWHU DP /HKUVWXKO IÚU 0DVFKLQHQG\QDPLN GHU
%UDQGHQEXUJLVFKHQ 7HFKQLVFKHQ 8PLYHUVLWW &RWWEXV
XQWHU GHU /HLWXQJ YRQ 3URI ’U,QJ KDELO ’ %HVWOH
